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PREFACE

This document constitutes one volume of the final report under Contract
NAS9-6816, Saturn V Single Launch Space Station Study. The study was
conducted by the Space Division of The Boeing Company under the direction
of the Manned Space Station Office, Advanced Spacecraft Tecnnology Divi-
sion, Manned Spacecraft Center. The study has two major segments, cor-
responding to the initial (or basic) contract, and the addendum to the
study contract. The basic study involved development of an economical,
early availability, Farth-orbital space station using a Saturn V launch
vehicle; in the addendum study, the feasibility of using interplanetary
spacecraft hardware for an Earth-orbital space station was examined.

The latter was designed for an Earth-orbital experimental program, but
was also used in development testing for the Mars mission; hence, its
mission is called the '"combined mission."

The documents constituting the basic final study report are:

° D2-113535~-1, Condensed Summary---Basic Study; = IR e

e  D2-113536-1, Technical Summary---Basic Study; — ¥ <% - /7 ¢ 5%

° D2-113537-1, Earth-Orbital Mission Requirements; = = 44 - / ?C:¢V£
° D2-113538-1, Earth-Orbital Station Utilization; ~ ! _ yoo SN
° D2-113539-1, Earth-Orbital Station Design; —- » wt = 7L
° D2-113540-1, Earth-Orbital Station Program Plans and Cost. — ;o

The final documents in the addendum study are:

P CTNT
° D2-114011-1, Condensed Summary---Addendum Study; — Yoo = ”
e  D2-114012-1, Technical Summary---Addendum Study; — v y — ~ &7/
e D2-114013-1, Combined Mission Requirements; .. X o ¥ - ;s
o D2-114014-1, Combined Mission Concept Evaluation;
o D2-114015-1, Combined Mission Station Design; _. ,x’ﬁéé?w L 5[
™ D2-114016-1, Combined Mission Program Plans and Cost. __)(68: _ / A < N
iii
s e —— ———
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1.0 INTRODUCTION

The purpose of the study was to determine if it is technically possible
and programmatically practical to accomplish a ccumbined mission in Earth
oroit to develop a significant segment of a Mars mission spacecraft while
condueting an Barth orbital experiment program.

This document contains a description of the experiment capability of the
candidate and selected combined mission configurations, the value of the
combined mission to the Mars flyby mission, crew utilization, reliability
and maintenance.

The experiment capability includes a discussion of the manhours, weight,
and volume capabilities of the configuratione and a description of the
experiment objectives that can be accomplished with each coufiguration.

The velue of the coxbined mission was determined on the basls of the
similarity of the misrion operations, equipment and environments. The
advantages of the early development flight were determined.

The crew utilization includes vhe basic crew schedule, skills, and a
comparison of the crew effectiveness for a 10~ and 12-hour work day. The
10~hour work dsy provides approximately eight hours experimentation per
dey while the 1l2~hour work day provides approximetely ten hours experi-
mentation.

The reliability and maintenance discussion includes a description of the
computer model, identification of ihe maintenance activities, success
criteria, and results of the reliasbility and maintainebility analyses.

Qn & T
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2,0 SUMMARY

The results of the expesriment capabllity, contribution of the combined
mission, crew utilization, relisbility, and maintenance analyses are
sumarized in the following sections. An elght-man arew configuration
was selected which provides a capability in excess of thet required to
accomplish the EBarth orbit experiment program and simulation of critical
flyby operations. The selected configuration provides the equivalent of
two development missions ln testing on the EC/LS and crew systems with a
99 parcent probability of successful operation for two years.

2.1 EXPERIMENT CAFABILITY

The capebility of the combined mission configurations to perform the

NASA deadquarters Time-Fhased Earth Orbit Experiment program was determined
on the basis of the mankour, welght, and volume capacities of each con-
figuration. The five altermate conffigurations discussed in Document
D2-11%015-1, Bection 3.0 were evaluated. Approach I is a four-men
configuration which irx as similar to the flyby mission module as possible.
Approach IT 1s essentially two of these modules attached to form a space
station. Approach III is the same as Approach II except the modules are
not attached. Approech IV 1s the four-men module attached to & new module
designed for Earth orbitel operation but using es many Mars flyby mission
module systems as practical. fTwo versions of Approach IV were studieg,
one with two men in the new module (total crew size, 6 » and one with

four men in the new module (total crew size, 8).

Only the Approach IV (elght men) conriguration was found to be capable of
meeting all of the requirements of the experiment program. The Approach IV
(six men) configuration can meet sll requirements except that for msnhours.
This requirement cculd be met if the crew were to work a 12-hour day rather
than a 1O~hour day. The Approach I, II, &nd III configurations camnot meet
all the experiment requirements even if the work day is increased and the
total payload cspability of the mamning snd logistics vehicles is utilized.
For this reason the eight-man Approach IV configuration was selected for
the combined mission.

The selected configuration provides the necessary experiment capscity
and in addition offers the advantage that a four-man crew can be ilsolated
t0 determine the psychologicsl effect of s long-duration flight without
degrading experiment accomplishment.

2.2 VALUE OF COMBINED MISSION TO FLYBY MISSION

The combined mission significantly comtributes to the development of flyby
hardware and operational procedures. Critical £),by misslon activity veriods
can be simulated to determine their feesibility. The flyby hsrdware can be
tested for the two~year duration ih essentially the same environmert eg will
be encountered during the flyby mission. An anslysis of the development
test capability showed that all flyby equipment would be tested except the
Mars probes, biologlcel laboratory, and Barth entry module.
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2.3 CREW UTILIZATION

A basic crew schedule was developed for an eight-man crew sO crewmen
with compatible sklils could perform experiments during the same shift.
All biomedical and behavioral experiments were scheduled to coincide with
the Medical Doctor's work schedule.

Timeline analyses were performed to determine the effectiveness of the
eight-man crew. The idle time of the crewmen increases when the crew
slze is Clunged from six (basic study) to eight, but all experiments can
be accomplished. Table 2.3-1 summarizes the time spent on activities and
experiments using the recommended 10-hour work day.

2.4 RELIABILITY AND MAINTENANCE

A relisbility end maintainability analysis was performed to determine the
maintenance time and spares required for the combined mission. The mean
repair time for unscheduled maintensnce was found to be 0.58 hours crew
time per day. The crew time required for scheduled maintenance is 2.9
hours per day. The worst-case condition which was studied was a li-hour
unscheduled maintenance cetivity combined with 2.9 hours of scheduled
maintenance in one day.

The MARCEFP program was used to perform a maintenance analysis of the

selected configuration subsystems. The results of the analysis are shown
in Figure 2.4k-1. The weight of replacement spares carried on the mission
for different resupply periods is shown for a 0.99 probability of having
the right spare part or component availsble when ngeded. For comparison,

a second bar indicates the maximum spares welght expected to be used during

‘these-resupply periods.
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3.0 FLPERTMENY CAPABILITY

The capebility of the combined mission configurations to perform the NASA
headquarters time-phased Earth orbit experiments was determined on the
basis of available manhours, weight, and volume, Each configuration was
analyzed to identify the experiment equipment thet could be installed
within the availasble weight and volime. An analysis wes also performed
to determine the time available for experiments with each configuration.
T:e 8 man-approach IV configuration was found to be capable of satisfying
ali the earth orbital experiment requirements and to provide excess volume,
wveight and mahhours vhich allowve for considerable flexibility in the
experiment program.

3.1 EXPERIMENT TIME AVAILABILITY

The time availsbility for experiments was besed on & 10 hour work day and
a T dsy vwork week. The time svailsble for experliments is the difference
between the hours required for station duties and the hours in the work
day. Station dutics consist of housekeeping, acheduled maintenance, une
scheduled mainterence, and station management. The aversge time reguired
for station duties is a function of the size of the crew and the configur-
aticn. The time sllocated for housekeeping station management, and main-
tenance is shown in Table 3.1-1. Station mansgement was considered as a
constant {63 hours per week) for all configurations except Approach III.
Approach III has two modules which orbit separately and perform differ-
ent missions and therefore requires twice the nurber of manhours for
statinn management. Housekeeping functions inelude general station
¢leaning and food preparation--this was sssumed to be a constaut for each
man (k.5 hours per week). The maintenance tasks are & function of the
subsystems onboard the configuration. The approach I configuration has
ons set of subsystems while approaches II and IV have an additional EC/LS
and corew subsystem. This increcses the maintenance time for these
configurations by approximately 90 percent. Approach IIT has two
conplete sets of subsystems which require twice as much maintenance time
as Approsch I, The distribution of station duties for each configuration
approach is shown in Figure 3.1-1.

The hours available for experiments was computed on the basis of total
work hours per week minus the time required for station duties. The
resulting experiment hours are shown in Tsble 3.1-2. Configurstion
Approaches II, III, and IV (8 men) provide enough experiment hours to
allow accomplishment of &ll the Esrth orbital experiment objectives.

3.2 CONFIGURATIOK £XPERTMENT CAPACITY
The configurations were analvzed to determine the volume and weight

available for Earth orbital experiments. The available volume snd
weight is swmaarized in Table 3.2-1.
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TABLE 3.1-2 AVAILABLE EXPERIMENT HBOURS
CREW EXPERINENT HOURS
| CONFIGURATION DAY WEEK YELR
APPROACH I 26.6 186.% 9,693
APPROACH TI 62.3 436.1 22,745
APPROACH III 53.2 372.4 19,365
APPROACH IV (6 men)| 43.8 306.6 15,943
APPROACH IV (8 men)| 62.5 437.4 22,745
TABLE 3.2-1 AVAILABLE VOLUME AND WEIGHT
— VOLUME __F¥T3

CONFIGURATION WEIGHT LB* PRESSURLZED UNPRESSURLZED
APPROACH I 28,170 275 3,760

Initial 23,820

Manning 4,358
APPROACH II 53,555 | 1,248 8,912

Tnitiel 2855

Manning 8,700
APPROACH III 38,516 550 7,808

Initial 29,816

Manning 8,7@
APPROACH IV (6 men) 77,636 | 4,250 12,780

Initial 68,936

Maaning »T00
APPROACHE IV (8 men) 63,759 | &,450 11,235

Tnitisl ,666

Manning 8,700

- L9 W L) U U

( N

P

W G
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The required experiment welght for the two-year mission is 63,460 pownds.
However, film must be resupplied every 90 days so the maximum experiment
veight for mission initiation will be 56,460 pounds. This weight can be
split between the space station lsunch and the manning launches. The
pressurized volume required for stowed experiments is 4,079 cubic feet
(9Th for equipment; 3,105 rfor work areas), The unpressurized volume

* Initial space station lawnch and manning launches; one manning launch
(4,358 1bs) for Approach I, two menning launches (8,700 1bs) for all
other approaches. 10
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required for stowed experiments 1s 1,707 cubic feet.
3.3 EXPERIMENT CAPABILITY OF ALTERNATE CORFIGURATIONS

The capability of each configuration approach to meet the objectives of

the Earth orbital experiment program was determined on the basis of the
number of experiment objectives that could be performed within the

avallable capacity of the configurations. Experimental equlpment was
placed in the configurations to utilize as much of the eapacity shown in
the previous sections as was possible., This analysis was performed at a
gross level of detail since its purpose was to define the comparative
experiment capability of the alternatives, not to optimize each alternative.
The factcrs used in the anslysis were manhours, weight, and volume available
for experiments.

Table 3.3~1 summarizes the results of the anslysis. The table shows only
the limiting factors of each confipguration in terms of negntive margins;
where a positive margin exists, no entry was made in the teble. The table
shows that all configurations have limited capacity for experiments except
Approach IV (8 men). The only limitation on Approach IV (6 men) was man-
hours. This is the sawe limitation that wes found to exist when using the
33-foot diameter, six-man space station of the basic Satwmn V Single Lsunch
Space Station study. However, the limitation was cmsidered more severe
for this application because it is & more advanced mlission, Mars flyby
simulations should be performed in addition to the Earth rorbital program,
and the crew is split into the two sections of the space;station. The
Approach IV (8 men) configuration was therefore selected as the preferred
configuration for this study. The following sectlions describe the experi-
ment capability of each configurstion in more detail.

TABLE 3.3-1  CONFIGURATION EXPERTMENT LIMITAYTIONS

EXPERIMENT LIMITATIORS

CONFIGURATION MANHOURS | WEIGHT mnssunm;gmgnﬁxssmmn
APPROACH I 7,900  [{€8,290 |-3,804
APPROACE II -2,905 |-2,831
APPROACH III ~17,94%  |-3,529

APPROACH IV (6 men) F1,369
APPROACE IV (8 men)

11
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3.3.1 APPROACH I CAPABILITY

Approsch I is ldentical in exterior shape to the flyby configuratiom.
The confliguration has sufficient unpressurized volume to accommodate all
experiments but is severely lacking in pressurized volume., Table 3.3-2
summarizes the experiment capability of this configuration. The con-
figuration has the capability to accomplish 45 percent of the Barth
orbit experiment activities providing they can he accomplished using
severely limited work areas.

TABLE 3.3-2 APPROACH I EXPERIMENT CAPABILITY

REQUIRED EXPERIMENT CAPACITY _
WEIGHT —_VOLUME ~ £13
1bs PRESS, UNPRESS.
b STOWED | WORK
EXPERIMENTS 8 | MANHOURS EQUIP. | AREAS
ASTRONOMY/
ASTROPHYSICS 16 | 4,374 12,210 34 600 466
BIOMEDICAL/
BEHAVIORAL 58 | 3,139 359 25 600 .-
PHYSICAL SCIENCH 31 720 2,058 50 600 59
COMMUNICATIONS/
NAVIGATION 2L 518 6,711 31 636
FLYBY
SIMULATION 852 .- - - - - - -
TOTAL 126 | 9,603 21,338 | 140 1,800 | 1,161
REMAINING %b
CAPABILITY 90 6,832 | 135 | ~1,665 | 2,599
EXCESS FOR TOTAL
E.O. EXPER. PROGRAM | -7,900 | -28,290 |-699 | -3,105 | 1,953
D» Carried on space station and/or manning launches.
fg> Assuming the 135 cubic foot excess stowed equipment volume would
b uged a5 WOk ares,

The excess capability of this configuration is less than that required
to accommodate the experiments in ome of the other experiment areas. All
the experiments are performed in the experiment areas shown im the table.
The 852 hours for flyby simulation will allow the crew to simulate the
high activity period of the flyby mission which occurs prior to and after
encounter. Time is also imcluded for evalustion of the flyby equipment.

126 total activities are included in the experiment categories shown. This

is approximately 454 of the total activities (267).
: 12
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3.3.2 APPROACH II CAPABILITY

The Approach II configuration hss an 8 man crew and 1s capable of accom~
plishing 73 percent of the Earth orblt experiment sctivities. A summary
of the experiments included in this configuration is ghown in Table 3.3-3.

The pressurized volume shown for the experiments is only for installed
equipment. The excess volume shown will be used as work area and there-
fore cannot be used to add other experimental equipment. The configuration
would be capeble of accommodating ¢ther experiments if more pressurized
volume were available.

3.3.3 APPROACH III CAPABILITY

The Approach III configuration is similar to Approach II except the two
spacecraft modules are geparated in orbit to conduct separate missions.
This configuration is limited in pressurized volume and weight so only

61 percent of the experiment activities can be accomplished., Table 3.3-k
sumearizes the experiments placed onboard the configuration. The excess
pressurized volume is required for work space so that additional equip-
ment could not be added even if the welght capability were avallable.

3.3.4 APPROACH IV CAPABILITY (6 MEN)

The 6-man Approach IV configuration can accanmodate all the Earth orbit
experiments. To accomplish all the experiment activities the 6-man crew
must work approximately 1l hours per day throughout the mission. Since
this is more than the recommended work day (10 hours) this configuration
was not selected. If the experiment program is changed prior to the
mission so that the crew time is decreased this configuration would be
an attractive contender.

3.3.5 APPROACH IV (8 MEN)

The 8-man Approach IV configuration has the capability to accoammodate
all the experiments. This configuration shows the most cost-effective
welght margin and provides for a reasonable work schedule. In addition,
psychological isolation~testing of the two four-man crews can be con-
ducted without impeairing the experiment progrem.

This configuration is shown in Figure 3.3~1 and is a 22-Toot dlameter
spacecraft launched, unmsnned, by a two-stage (S-IC/S-II) launch vehicle.
The pressurized section of the spacecraft is composed of two moduies,
each having two decke., The forward module 1s outfitted to support a
crew of four and to accomplish Earth orbital experiments. The aft module
is & basic building block. A camera module is attached to the aft bulk-
head of the building block.

An unpressurized interstage structure surrownds the camera module, stowed
golar panelr, antennas, and Earth-oriented experiment sensors. The aft

13
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TABLE 3.3-3 APPROACH II EXPERIMENT CAPABILITY

LS

N
vy

E REQUIRED EXPERIMENT CAPACLTY
WEIGHT VOLUME ~ £t3
E 1bs PRESS. UNPRESS. p
3 D STOWED | WORK Eﬁ
EXPERIMENTS < MANHOURS FEQUIP. | AREA
ASTROROMY/ G!B
ASTROPHYSICS 16 4,3th | 12,210 3k 600 L66 v
ATMOSPHERIC ~ /Tg
SCIENCES 3k 2,049 2,257 48 33 N 4
PHYSICAL y
SCIENCES 31 720 2,058 50 59 g
ADVANCED " 600
TECENCLOGY & ”g
SUBSYSTEMS 47 1,534 9,619 87 ok
MARNED SPACE =
OPERATIONS b 215 1,180 23 s ;
COMMUNLCATIONS/] p
NAVIGATION 21 518 6,711 3L |/ 636 ,;g
BIOMEDICAL/
BEHAVIORAL 58 4,008 359 25 600 | - - @
FLYBY
SIMULATLON N 852 - - - - - /D
TOTAL, elr  [wh,270 | 34,304 | 298 | 1,800 | 1,667 A
REMAINING -8B> &
CAPABILITY 8,475 | 19,161 950 50 | 7,245
EXCESS ¥OR TOTAL ﬁ
E.O. EXPER. PROGRAM 5,152 | -2,905 | -676 | -2,155 | 7,205 N
D Carried on space station and/or manning launches. IE
9 T3% of the 287 total activities. N
B} Assuming the 950 cubic feet excess for stowed equipment would
be used for work aresa.
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TABLE 3.3-h APPROACH III EXPERIMENT CAPABILITY

g REQUIRED EXPERIMENT CAPACITY

£l VOLUME ~ £t3
EXPERIMENTS E [MANHOURS WEIGHT PRESS WORK UNPRESS

1bs STOWED AREA

2 EQUIP.
ASTRONOMY/
ASTROPHYSICS | 16 | 4,374 12,210 34 60C 466
ATMOSPHERIC
SCIENCES 3| 2,049 2,257 48 33
PHYSICAL
SCIENCES 31 720 2,058 50 5Q
ADVANCED
TECHNOLOGY
AND SUB-
sysmMs B> | 12 36k 5,041 20 600 106
MANNED
SPACE OPER. 4 215 1,180 23 49
COMMUNICA~
TIONS/RAVI- . l
GATION 21 518 3,711 31 J 636
BIOMEDICAL/
BEHAVIORAL 58 | 6,145 359 25 600 -
FLYBY
SIMULATION 852 - - ———

TOTAL 1% 13,120 29,816 233 1,800 1,3k9

REMAINING
CAPABILITY 6,245 8,700 317 1,483 6,459
ECESS FOR TOTAL .
E.0. EXPER, PROG. | 1,772 -17, 94k -bol =2,785 £,10],

{D Assuming the 317 cu. f1. excess for stowed

equipment would be nised for work area.
E;‘> Carried on space station and/or manning lewaches,
f3> 61 of the 287 total activities.

> Only 25% of these activities were included.
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portion of the interstage is jettisoned in orbit, and panels, antennas,
and sensors are deployed.

The telescopes mounted on the forward bulkhead are deployed for operation
and are soft-mounted to eliminate disturbances from the spacecraft. They

are provided with airlocks for film change, malntenance, and instrumenta-
tion changes.

The Earth orbital module as shown in Figure 3.3-2 provides the supporting
subgsystens and crew systems for a four-man crew in addition to provisions
for a selected portion of the Earth orbital experiment program. The
module is divided into two decks: an experiment deck and a living deck.

The experiment deck has a separately pressurizable 1lkh.T7-psia bioscience
laboratory contalning the experiment equipment that cannot be used in the
T.0-psia module environment. The laboratory also includes an independent
ECS system. Access is provided by an airlock. Additional leboratory
equipment is stored in the exterior area, which includes storage and
equipment required to support the astronany/astrophysics experiments.
Individual airlocks supply access for film changing and telescope
servicing.

Three sets of telescopes are installed on the forward experiment bay
as shown in Figure 3.3-3. The Cassegrainian and Schmidt telescopes are
separately mounted and the solar telescopes are mounted as a unit.

Each telescope is extended by a mechanism which positions the mount 8o
that the telescope is pointing toward the selected target. This mechanism
is then located to allow the soft-gimbal-mounted telescope attitude-
control system tc be operated for precise pointing and tracking.

Airlocks are provided within the experiment module to retrieve f£ilm and
to change the associated equipment for the experiment progrem. This
provision eliminates EVA activities for nomal operation of the telescopes.

The 15-foot-diameter camera module as shown in Figure 3.3-L4 is located
on the aft end of the spacecraft and contains provigions for the Earth
regources, physical sciences, and manned space and logistics experiments.
Entry to the module is made through the EVA airlock. All preparations
for EVA operations are conducted in the module.

The module has been oriented to give the meximum viewing capabllity for
the Earth sensors. Other Earth-orlented sensors stowed in the unpres-
surized section aft of the camers module are deployed to provide unob=-
structed camera viewing.

The experiment capacity of thls configuration is shown in Table 3.3-3.
The unallocated margin for unpressurized volume, menhours, electrical
power cooling, and resupply welght is sufficiently large to cover all
contingencies and offer considerable flexibility to the experiment program.
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The pressurized volume and weight margins are small, but probably suf-
Ticient for contingencies since the resupply mergin can be used to
resupply pressurized equipment and expendables if they are required.

The unallocated margin for communications is zero. It is concluded that
this configuration has sufficient capacity to perform all Earth-orbit
experiments and still provide reasoneble margins for experiment conw
tingencies. Part of the unallocated experiment manhours will be used to
simulate the ll-day flyby encounter activities with a four-man crew; two
such simulations would require 1000 manhours. Simulations will also be
made of the flyby re-entry procedures just prior to each crew rotation.
This will require a maximum of 280 hours; one work day for four crew men
T times during the mission. The purpose of these simulations is to deter-
mine the adequacy of a four-men crew to perform these activities and the
effect of the high level of activity on the men.

TABLE 3.3-5 EXPERIMENT CAPACITY - SELECTED CONFIGURATION

ALLOCATED UNALLOCATED MARGIN

PRESS. UNPRESS. | PRESS. UNPRESS.
VOLUME (FT3) 079 A 7,500 371 ~ 3 735
WEIGHT (ILB) - INITIAL LAUNCH
% MANNING 56,460 6,906
EXPERIMENT MANHOURS - 1st YEAR 17,593 5,152
IELECTRICAL POWER (KW) 1.0 2.4
COOLING CAPACITY (KW) 1.0 2.4
ICOMMUNICATION RATE 10
(BITS/DAY) 1.26 x 10 0
[RESUPPLY WEIGHT (LB/90 DAYS) 1,000 3,350
[PHYSICAL DATA RETURN
(LB/90C DAYS) 1,130 NOT EVALUATED
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k.0 VALUE OF COMBINED MISSION TO FLYBY MISSION

The value of the coambined mission to the flyby mission is dependent on
the enviromments for the two missions and the similarity of the two con-
figurations. An analysis of the two configurations and a comparison of
the environments led to the conclusion that the combined mission has
conglderable value for the flyby mission.

b1 SIMILARITY OF THE CONFIGURATIONS

The configurations are very similar except with respect to thelr experi-
ment packages. The subsystems for the ccmbined mission are identical to
the flyby mission eicept for electrical power and the communications and
data mansgement.

.1,1 ELECTRICAL POWER

The electrical power subsystem for the combined mission contains two
major additions to the flyby subsystem: articulating solar panels and
increased battery capacity. Two-axls articulating panels are included

to provide efficient Barth orbit use. The battery capabllity is increased
to account for the decreased battery life resulting from the high mumber
of charge/discharge cycles in Earth orbit due to occultetion.

k1,2 COMMUNICATIONS AND DATA MANAGEMENT

The basic flyby communications subsystem is capable of providing sufficient
RF capability to support the Earth orbit experiments. The subsystem was
modified to provide interphone capability for the two crew modules and
additionsl TV because of the desire to isolate the two modules. In addi-
tion, rendezvous radar transponders are provided at each of the three
docking ports to accammodate resupply and manning missions.

4,1.3 EXPERIMENTS

Seven major experiment groups are planned for the 1975 flyby mission.
These groups were analyzed during the study to identify the equipment
that could be used effectively to accomplish Earth orbit objectives.

The conclusions resulting from the investigation was that the enroute
and encounter experiment equipment could be used effectively to accomp-
1lish Earth orblt objectives. In addition, the 40 inch aperture multi-
purpose telescope could be used effectively but the uncertainty of its
design led to it not being included. The probes were not included since
they do not contribute to the Earth orbit mission objectives.and can be
tested on the Mars simulation mission which is planned to follow the

g??» combined mission. The equipment installations are different for the
s combined mission since an effort was made to integrate the flyby equip-
ment with the Earth orbit equipment. The differences in installation
f?f. will not significantly affect the value of the combined mission.
BT
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h,2 ENVIRONMENT DIFFERENCES

Subgtantial differences exist between the envirommental conditions prevaile
ing in Earth orbit from those on the flyby mission as shown in Table L.2-1.
The effect of each major environmental difference on the validity of the
conmbined nission as a preparation for the flyby mission 1s desexribed briefly
in the following sections. These effects are only first look snd many altere
nate methods exist for checkout of flyby equipment and operations., Decisions
on the alternatives must be made at the time the flyby design is finalized,

k2.1 EFFECT OF ENVIRONMENT ON SUBSYSTEMS

The environmental differences have no significant effect on the design of
the crew, propulsion, guidance and control, and communications and data
wenagement subsystems, The P¢/L8 and electrical power subsystems are
affected by the environment. The thermel radiation in Earth orbit is sig-
nificantly greater than for the flyby mission which decreases the effective-
ness of radiators. For this reason the radiator had to be resized to pro-
vide the cooling capability required vhen experiments are being performed.
The environment affects the design of the electrical power system because
of the occultation that occurs on every orbit. The maximum distance from
the spacecratt to the sun allows for the panels to generate considerably
more power than is required for the combined misgion. The batteries for
the flyby mission must be supplemented because of the rate of charge and
the number of charge/discharge cycles. The changes required in the design
of these subsystems were not major and did not increase the development
effort.

The communications and deta menagement subsystem design is not changed

due to the differences in environment but the operations are considersbly
different., The two directional antennas will not be used for normal opera-
tions in the combined mission. There is no comparable way to test the link
between the gpacecraft and the DSIF network. The distance in Earth orbit
is too short to do more than check out the link and its proper frequencies.

The flyby mission requires a midcourse meneuver propalsion module (MCPM)
with the capability of providing 1200 feet per seccnd veloelty when fully
loaded with propellsnt. The combined mission requires a propulsion module
capable of providing an orbit circularization velocity of 285 feet per
second. The flyby MCPM is used for the combined mission to provide the
orbit eircularization velocity ond 1s then shtaged from the space station.
Therefore, no tests are made on this module to determine the effect of long
term storage in space on the operating churacteristics of the engine or
the storage of propellant. These effects could be tested by placing a
module in orbit for the full two year duration and operating at specific
times to simulate the flyby mission.
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TABLE 4.2-1 ENVIRONMENT COMPARISON

Combined Flyby
Environment Mission Mission
Atmosphere Densitye gn/cm>
surface 1,225 x 1076 6.82 x 1070
150 km 1,836 x 10742 9,18 x 10712
Relative Speed ~ feet/second £5,000 32,000
Altitude Above Surface~n.mi. 260 150 - 200
Solar Distance ~ A.U. 1 l-2.2
Communications Distance ~ n.mi. 890 2.59 x lO8
Planetary Gravity Field ~ am/sec® 980 375
Meteroid/Asteroid Mild Severe
Thermal Radiation ~ watts/th
Sun 125 - 135 46 - 135
Eaxrth 21 0
Penetrating Radiation T5 35
Rads/Year - 10 Ibs/Ft° Shield

The stabllity and control system operation will be considersbly different

in Barth orbit than on the f£lyby mission.

The system's capability for

the Earth orbital mission is based on providing the station with a 0.1
degree pointing aceuracy to the geometric center of the Earth and a sta-

bility of 0.05 degrees per second.

the flyby mission.

The vehlicle is space orlented for

The guidance and control system for the flyby mission required some

minor modifications to adapt it to the combined mission.

The modifi-

cations include the addition of & gyro compassing mode of operation,
increase in scamner travel, and gain and compensation changes in the
electronics. The operation of the guidance and control subsystem will
be essentially the same for the two missions.

s Jw’j"”,&‘di—‘)w =

g

i AV TR

r - S W -
AN ST S \

o

9



D21 141041

k2.2 FFFECT OF ENVIRONMENT ON EXPERIMENTS

The environmental differences will not significantly affect the flyby
experiments included for the combined mission. The flyby equipment included
in the configuration includes the panoramic camers, enroute and encounter
experiments. A one meter telescope is included in the Earth orbital ex-
periment equipment which will be used to test flyby procedures. An analy-
sir of the aspplication of the Earth orbital experiment procedure to the

Mars flyby mission is included in sppendix I. This anslysis was performed
on the flyby probes as well as the equipment contained in the spacecraft.

The telescope is central to the flyby mission since it provides high reso-
lution color photographs of the Mars surface and is used to seleet locations
for deployment of the probes. The atmosphere differences between Earth and
Mars have no first order effects on the equipment or operations. The faster
angulsr rotation during the flyby mimsion can be simulsted during the com-
bined mission. All of the flyby procedures can be verified while fulfilling
Earth orbit obJjectives.

The panoramic camere installation will be different for the combined mission
but the operations will be the same, The operations required to fulfill the
Farth orbit experiment objectives will fully qualify the camera for the fly-
by mission.

The enroute experiment procedures can be tested on the combined mission but
esgsentially without any contribution to the flyby objectives. Solar physics,
commumications, meteroid, trapped particle, stellar X-ray, and relativity
experiments are included in the enroute experiments. The procedures for
performing these experiments can be velidated during the cowbined mission.
Additional experiments to be performed are biological experiments on life
formg snd snalyses of Mars samples., The experiments on life forms are ex-
tensions of the Earth orbital bioscience experiment objectives. Analyses
can be performed on Esrth samples to develop the procedures to be used on
the Mars samples.

The encounter experiments are esmsentially identical to the atmospheric
sciences and Earth resources experiments for the combined mission. The
Earth orbit objectives can be accomplished using the flyby equipment so
that the equipment can be qualified and the procedures verified. The ex-
perimental date collected using the encounter equipment during the come
bined mimsion will not fulfill any of the flyby objectives.
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4,3 CONTRIBU.ION OF COMBINED MISSTON

The combined mission will provide a significant amount of development
testing on flyby equipment. All flyby subsystems will be required to
operate in nearly the same manner, and f¢r the ssme duration on the
combined mission, as on the flyby mission. Table 4,3-1 shows the develop-
ment test capability planned for the combined mission. The propulsion
module, camnunications/data management, electrical power, and attitude-
control subsystems will be partly tested in Earth orbit. The propulsion
module will be used for circularization of the station orbit, and then
geparated from the station. A partial test is shown, since midcourse
correction maneuvers will not be perfommed and the effects of long dura-
tions in space will not be detemined. The comunications/dsta management
gystem will operate similarly to the flyby mission except %the large
directional antennas will not be used and the distances will be much iess;
therefore, s partial-test is shown. A partial-test is shown for electrical
power, since the solar panels will be closer to the Sun and the power
generation capability cennot be fully tested. In addition, occultation
of the panels changes the operating conditions. The test of the crew
systems 1s considered to be complete. The attitude coutrol can be only
partly tested in Barth orbit. The EC/1SS will be completely tested. The
Earth entry module (EEM) will not be included in the configuration, so no
tests will be performed.

The Mars flyby experiments include equipment which will be tested in Earth
orbit. The Mars probes and biologlcal lsboratory will not be included

in the configuration since they cannot be used to accomplish Earth orbit
experiment objectives, The enroute and encounter experiment equipment
can be used to accomplish Barth-orbit objectives and, therefore, will

be included in the configuration. However, a complete test cannot be
performed on the equipment due to differences in installation and opera-
ting frequencies; therefore, a partial-test is shown.

The combined mission offers the advantages of 1) early development

testing of the flyby hardware in & space enviromment, 2) opportunity to
test alternate designs without jeopsrdizing crew safety or mission

success, 3) simulation of critical periods of the flyby mission, 4) testing
postulated crew schedules for long durations, and 5) detemination of

the physiological effect of the long duration mission on a lL-man crew.
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5.0 CREW UT'ILIZATION

The effectiveness of the crew while perfoming the experiments and
station duties was investigated for the selected configuration. The
basic schedule for an eight man crew is shown in Figure 5.0-1. This
sciredule assumes three shifts, two with three men and one with two men.
Iimeline analyses were then performed using the computer program des-
cribed in Appendix I, D2-113538-1 to determine the experiment accomplisi-
ment.

5.1 CREW SKILLS

The skills for each crewman were selected on the basis of experiment
requirements and maintenance tasks. Each crewnan is assigned primary
skills that are compatible with the requirements of one or more experi-
ment areas. The primary skill and the shift of each crewman is shown in
Table 5.1-1. These asslgmments were mede on the basis of a crewman
having 2,843 hours per year available to perform experiments. Each
experiment area is assigned two or three beckup crewmen in the event
the primary crewman is unable to complete the experiment program. The
primary and backup skilis assigned to each crewman indicate the flexi-
bilivy and training required of crewmen assigned to this mission. Rota-
tion of crewmen to provide new skillls at specific intervals of time
would be unreasonable since the majority of the experiments span one
year. If crews were rotasted they would need to be replaced by crewmen
with comparable skills.

5.2 EXFERIMENT ACCOMPLISHMENT

The ability of the eight-men crew to accomplish the Earth orbital experi-
ment program as defined in D2-113537-1, "Earth Orbital Station Requirements"
was investigated for a 30-day time period using the timeline computer pro-
gram. The 30-day timeline was performed for the basic schedule of Figure
5.0-1 (10 hours/day) and a 12-hour work dey. The 30-day experiment program
includes spproximately 40 percent more experiment time than is required for
30 days to assure a cholce of experiments during the entire period. The
basic schedule provides an average of 54.7 hours per week per crewmen

while the l2-hour work day provides 70 hours per week for experiments.

Both schedules are more than sufficlent to permit all experiments to be
accomplished during the misslon. The lO~hour work dsy schedule of acti-
vities is shown in Telles 5.2-1, -2, and «3 for each of the three shifts.
The 12-hour work day activity times are different due to the crew being
allowed only 30 minutes free time instead of 150 minutes. The l2-hour

work day schedule of activities is shown in Tables 5.2-k, -5, and -6 for
each of the three shifts.

The experiment input data is shown in Tebles 5.2-7, -8, and -9 for the
first, second, snd third shifts, respectively. These inputs specify which
crewaen are capable of performing each of the experiments. The data shown
is the same as that for the basic study ercept for the crew skills.
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TABLE 5.2-1: ACTIVITY SCHEDULE (lst SHIFT)

INITIAL ACTIVITY DATA

~

-

~

>

™~

-

-

~,

-y

-

N

"’-

~,

L

-

-

s

Sowwww

-
EF 4

ACTIVITY RINTMUM MAX IMUM ACTIVITY ACTIVITY
TYPE START SYARY DURATTUN PERIDU
TIvE TINE . TIME .
MLy Iy L) LT YT L RekkhEd [T3IETY L T RUkRERER
CREW MAN A . .
VIDDAY MEAL 210 270 40 1440
BERSONAL HYG Wi 736 C]] 1640
STATION MANG - 520 526 240 1440
- EXERCIGE 760 T&6 30 lhko
- : FREE TIME 790 777 796 150 fubg
EVENING MEAL 940 946 40 .lu40
MATNTENANCE 980 986 60 1440
LAS CHECKS, 1040 16ue 90 pLTE)
SLEEP 1130 1136 450 . tuuo
R o . MORNINg MEAL 1580 1586 W0 1440
CREW MAN B8
¥IDNDAY MEAL 210 240 40 1040
PERSONAL HYG 430 436 90 1449
STATION MANG 520 526 60 1§46
EXERCISE 580 586 30 1440
\ FREE TYmE_ ___ _ 6186 616 150 _ _  1ubg
EVENING MEALD 760 766 40 1440
VMAINTERANCE 800 806 60 1440
LAR CHELKS, 950 956 90 LHY0
SLEEP 950 956 550 1440
MORNING MEAL 1400 14086 %0 1440
— TABLE-5.2-2; ACTIVITY SCHEDULE (2nd SHIFT) L
INITIAL ACTIVITY DATA
ACTIVITY FINTWUM MAXINUM ACTIVITY ACTIVITY
TYPE START STARY OURATION PERIQD
TIvE TIvE TINE
‘ti*tf(g*t Ehhkgks BEsEREE B ARENG LAl ot bd )
CREW #AN A
SLFEP 1 6 40 : 1u40
VCRNING MEAL T3 456 40 1440
VIDDAY MEAL 761 821 40 1440
PERSCNAL_hYG 921 526 50 1440
STATICN PANG 1014 1016 €0 1440
EXERCISE 1074 1076 20 1440
FREE TIME - 1101 1106 10 1u40
EVENING MEAL 1251 1256 40 1440
AINTENANCE 1261 1266 60 1440
. LAB CHECKS 351 1356
CREW FANTE H 1. - 35 S0 1440
SLEEP i 6 480 1440
FORNING MEAL 4el 4%56 40 juug
¥IDDAY NMEAL 761 821 40 1440
PERSONAL HYG 921 926 50 1440
STATION MANG 1011 1016 60 1440
EXERCISE imon 1076 20 1440
FREE TIME 1104 1106 150 1440
EVENING MEAL 1251 1256 40 1440
AINTENANSE 1391 1266 60 14480
ECK k15
CREW Fan_ € LAR  CHECKS 115 1356 90 1440
SLEEP 1 [ k%0 1440
VORANING MEAL 451 456 40 1Y)
NINDAY MEA —6) 821 40 1440
PERSONAL HY §ai~ 526 50 1k40
STATION MANG 1011 1016 80 1440
. _EXERCISE 1073 .___ 1076 20 1449
FREE TIME 1104 1106 150 LY
EVENING MEAL 1291 12%6 40 1440
AINTENANCE 1291 1266 £6 1ukg
LAR  CHECKS 135) 1386 114 1480
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TABLE 5.2-3: ACPIVITY SCHEDULE (3rd SHIFT)

. INITIAL ACTIVITY DATA  ° <A
ACTIVITY MINIMUM MAXI y
YYPE START START DURATION PERIOD
TIME TIME TIME
ook Aok ARERRRN LII1EYT) [ LI LT LY) ARRRRBRN
CREW MAN A
PERSONAL HYG 1 6 Q0 1440
STATION MAHG 91 96 60 1440
EXERCISE 154 156 30 1440
- e oo e ememe . PREETIME MBS L ABO_ . ADQ T IHHO_
EVENING MEA( 331 336 40 1440
MATMTENANCE 7 376 60 1440
LAR CHECKS 431 433 90 1440
SLECP 521 526 450 1440
MORNING MEAL 971 976 40 1440
. e e e MIDDAY MEAL ____ 3R2X . A28M RO A44Q
CREW MAN B
PERGONAL HYg 1 6 90 1440
STATION MAbG 3% 96, 1] 1440
EXERCISE 151 156 30 1440
FREE TIME 181 186 150 1440
S e _EVENING MEAL ... __ 331 ... 336 40 1440
MATNTENANCE 3N 376 60 1440
LAB CHECKS 431 434 90 1440
SLEEP 521 R26 450 1440
MORNING MEAL 971 976 ) 1440
MIDDAY MEAL 1221 1281 - &0 14407
CREW MAN € R e e o
PERSONAL MYG 1 6 90 1440
STATION MANG 51 6 60 1440
EXERCISE 181 158 0 1440
FREF TIVE 161 1086 150 1440
EVEMING MEAL 3 336 40 T LY
. MAINTENANCE . an 36 ... 60 . 1440 . _.
LAB CHECKS 431 431 90 1440
SLEFP 521 526 450 1440
MORMNING_MEAL 974 976 40 1450
MIDNAY MEAL 1221 1281 40 1440
TABLE 5.2-4: ACTIVITY SCHEDULE (1st SHIFT)
. INITIAL ACTIVITY DATA
ACTIVITY MINIMUM MAXTIMUM ACTIVITY ACTIVITY
i TYFE START START DURATION PERIOD
TIME TIME . TIME
P11 - * . L 3 .
CREW MAN A
- . MIDDAY MEAL 210 210 40 1440
PERSONAL HYg 551 556 %0 1440
STATION MANg 641 646 240 1440
. EXERCISE 881 886 30 1440
EREE TIME 911 916 30 1440
EVENING MEAL CTY) 96 40 1440
MAINTENANCE 980 986 60 1440
LAB CHECKS, 1040 1046 90 . 1440
:kgsiNG . 1;38 1%35 usg 1440
MEAL 58 1586 4 ¥
CREW MAN B. NIRG. HEA 1 1449
MIDDAY MEAL 210 240 40 1440
. PERGONAL HYG 551 556 90 1440
< STATION MANG 640 646 60 1440
. EXERCISE 701 706 30 1440
FREE TIME 731 736 30 1440
. D EVENING MEAL 760 766 [T 1440
- MAINTENANCE * 800 806 60 1440
LAB CHECKS, 950 . - 956 90 1840
SLEEP 950 956 850 1440
MORNING MEAL 1400 - 1406 80 1440
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TABLE $.2+5: ACTIVITY SCHELULE (2nd SHIFT)
[ o
. INITIAL ACTIVITY DATA ~ s T i
e ACTIVITY MINT
. YYPE START START DURATION PERIOD ~ &
TIME TIME TIME
ARRARRATNE Lt LilLL) Bk ki ok ok ook PL L il YL I
N m
CREW MAN A S
SLEEP 1 & 450 1440 4
MORNING MEAL 451 455 40 1040 =
MIDDAY MEAL 764 821 490 1440
PERSONAL HYs 1041 1046 90 1440 -
STATION MANG 1131 1136 60 1440 ’*ﬁ
EXERCISE 1191 119 30 1440 Y
. FREE_TINE 1221 1226 20 1440
EVENING MEAL 1251 1256 40 1440
. AINTENANCE 1291 1296 - 60 1440
e LAB__CHECKS 1351 1356 90 1440 X
CREW MAN B {
SLEEP 1 6 450 1440 N
MORNING MEAL 451 _456 40 1440
MIDDAY MEAL 761 821 40 1640
PERSONAL HYg 1041 1046 90 1440 3
S STATION MANG 1131 1136 60 1440 /Y
EXERCISE 1191 1196 30 1440 Y
FREE TIME 1221 1226 30 1440
EVENING MEAL 12581 1256 4q 1440
AINTENANCE 1291 1296 60 1440 o
LAB CHECKS 135) 1356 90 1840 >
_CREW MAN_ ¢ L | . ok
. SLEEP 1 6 450 1440 )
MORRING MEAL 453 456 40 1440
MIDDAY MEAL 261 &21 40 1440
PCRSONAL HYG 1041 10u6 90 1440 R
STATION MANG 1131 1136 60 1440 »
I EXERCISE .. . i191 ____ 1106 30 1440 =
FREE TIME 1221 1226 30 1440
EVENING MEA[ 1251 1256 40 1440
_AINTENANCE 1291 1296 60 1440 "
LAB CHECKS 1351 1356 90 1440 ¢
. ) N
TABLE 5.2-6: ACTIVITY SCHEDULE (3rd SHIFT) .
: INITIAL ACTIVITY DATA RN
. ACTIVITY MINTMUM MAXIMUM_ ACTIVITY ACTIVITY
TYPE START START DURATION PERIOD
TIME TIME TIME
PRt bttt et bt ded [ L) [N I1ii1]] b d
CREW MAN A %
PERSONAL HYG 1 6 90 ___1uhg z
STATION MANG 91 96 60 1440
EXERCISE 151 156 30 1440
. FREE_TIME 181 186 30 1440 z
EVENING MEAL 211 216 40 1440 ‘P
MAINTENANCE 251 286 60 1440 -
LAR_CHECKS 341 216 90 1449
SLEEP 401 406 450 1440
MORNING MEAL 851 856 40 1440 -
L e MIDDAY MEAL . ___ 1104, _ 1106 40 1440 iy
CREW MAN '8 ; .
R PERSONAL HYG 1 6 90 1440 J}H’
STATION MANG Q1 96 €0 1440
EXERCISE 151 156 30 1440
FREE TIME 181 186 30 1440 /’QF
_ _EVENING MEAL_ . ____ 21i 216 40 1440_____ © ok
- MATNTENANCE 251 256 60 1440 4
LAB CHECKS 311 316 90 1440
SLEEP 401 406 450 1440
MORNING MEAL 854 856 40 1440 -
MIDDAY MEAL 110 .1106 40 1440 ./“p
CREW MAN._ € N ) o i
PERSONAL HYG 1 6 50 T
STATION MANG 91 9 60 1440
EXERCISE 151 156 30 1440
FREE TIME 181 186 30 1440 AZ’T
EVENING MEAL 211 216 40 1440 «;ﬁ
N MATNTENANGE, 251 256 _60 1480 ;
LAB CHECKS 311 316 90 1440
SLEEP 401 406 450 1440
MORNING MEAL A%i 8%% 40 1440 s
MIDDAY MEAL 1101 1106 80 1440 .
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Summaries of the experiments accomplished during the first, second, and third
shifts for the first 30 days of the mission are shown in Tables 5.2-10, =11,
and ~12. These swmnaries sre based on the 10 howr work day. The tables show
that all repetitions were not completed; this is due to the fact that the
30-day program included 40 percent more experiment manhours then are requlred.
Table £.2-13 shows the manhours required for each experiment category if 1/12
of the one-year program is to be completed, and compares these data to the
total time included in the "30-day" program. It shows that 1,447 manhours are
required to complete 1/12 of the program and thet 2,018 menhours were included
in the 30-day program. It is also shown that a summation of all time spent on
experiments during the 30-day timeline generated by the computer program was
1,772 manhours. Thus, as was expected, more than 1/12 of the cne-year program
was completed.

The 12<hour work day provides significantly more completed experiments. Tables
5.2~1Y, -15, and =16 sum “rize the experiments accomplished when the crew is
scheduled for & 12-hour rk day. All but five of the Advanced Technology and
Subsystem Development (A13) experiments are accomplished and all but two of the
Communications and Navigation (C/N) experiments are accomplished. Several of
the Physical Sciences (P) experiments are still not completed but the percent-
uge of completion is significantly improved. ALL Astronony/Astrophysics (AA)
axperiments are completed and the percentage of the Atmospheric Sciences (AS)
experiments completed is significantly improved as shown in Table 5.2-15. 'tae
percentage of Biomedical/Behavioral (BB) experiments completed is significante
ly improved. This is due primarily to the longer time between activities that
occur for the 12-hour work day. BB2 and 3 each reyuire over five hours per
repetition. Since the maximum time between activities is thrse and one~half
hours for the 1lO-hour work day, these experiments will never be scheduled.

fhe 12-hour work day has a maximum time between activities of five hours and
five minutes which permits BB2 to bhe scheduled but not BB3. The remainder of
the Biomedical/Behavioral and Bioscience (B) experiments do get scheduled as
shown in Table 5.2-16.

The above discussion shows that the duration and repetition rete of experiments
must be taken into account. As discussed, long experiments will not be sched-
uled if other activities are allowed to interfere with their performance.
Arrangements must therefore be made in the schedule to relieve crew members for
nesls and other essential duties or provide monitoring capability. Short ex-
periments which must be repealed one or more times each day are alsc a prohlem
because they interfere with other experiments. In the timeline program used in
this study such experiments were frequently assigned a lower priority (by the
program) than other experiments. This resulted in not completing their re-
quired repetitions. Such experiments should therefore be examined carefully to
varify the need for their high repetition rates. If such rates are required,
provisions should be made to accomplish them in parallel with other experiments.

The time spent by each crewman on station duties, activities, and experiments is
summarized in Table 2.3-1 (in Section 2.3) for a 10-hour work day. The idle
time is the time that the crewvmen cannot be scheduled Tor experiments because oo
scheduling constraints. A discussion of the scieduling constraints is contained
in Appendix I, D2~113538-1, "Eerth Orbital Station Utilization." ‘The crew time
dissribution and idle time for & 12-«hour work day is shown in Table 5.2-17. The

12-hour work day results in an average idle time per crewman of two hours per day.’
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TABLE 5.2-}0
GUUMARY (QUTPYT) EXPERIMENT DATA
EXSERIVENT ~ NUWBER PERZENY OF FIVAL TIWE OF
~UMBER REPETITIONS REPETITIONS PRIORITY LAST

s

J

- ;g«&

SRR 1T

— COMPLETED  COWPLETED _ VALUE _ REPETITION
P 237777 16T T4 uisgs T
P2 23 76 0 41905
P3 23 76 0 41925
ED) 23 3 [} H19us
[ 23 7% 0 42620
P62y % 0 2640
34 23 76 ') 42679
P8 22 73 . 5384 41218
P9 1 _100 ] 354
P10 3 6 iy [}
P11 0 0 42890 0
e P12 1 25 4 0 6034
P13 7 70 2604 42023
Piy 0 0 428900 0
P15 0 __ o - 42890 0
P16 1 {ob X ] 12417
Pyv 1 100 0 24748
P18 1_ 10 0 26181 ;
P19 1 100 0 39138
P20 H 100 0 20355
P21 1 100 0 13327
LER 3 7% 641 33250
C/N1 0 0 0 0
e CN2 0 0 I o
C/N3 0 0 ] 0 o
C/NY 0 0 0 0
C/NS 74 87 2312 39139
C/NG TN 87 ~2168 35283
C/N7 7 8?7 203 w1246
kN8 8 _ 100 0 26243
C/NO 8 100 N 0 TTU2y098 T
C/N10 8 100 0 33100
_ C/niY 8 100 0 41966
t/N12 F 100 [} 20479
C/N13 2 100 0 27543
I 74t L S 100 ] 42110
C/NLS - 100 TR T UM2155 T
C/NL? 1 100 9 21868
C/N19 T4 a9 4122 42662
T/N20 [) fod Y 41066 —
c/n21 8 100 o 23358
e __ATSY 1 100 0 13300
ATS2 00 T T T T pabt )
ATS3 1 25, 26231 24734
ATSY [} 0 0 0
A75B [4 [ [1 1
ATS? 1 100 0 10499
i __ATSR 100 0 13377
ATS9 177 7 ., 777 R 1178y T
ATS11 ) 100 0 23375
ATS12 0 0 0 0
ATSI3 0 [} [} L
ATS14 4 50 0 33621
ATS1S 4. 100 0 23241
ATS16 1 100 0 16138
ATGI7 [) 100 0 23426
! ATS18 s 100 0 28985
ATS519 1 100 0 11885
ATS20 8 100 R () 24677
ATS21 0 0 42890 0
ATS22 ) 100, ) 26104
ATERS 1 160 X [ 14601
ATS24 1 190 0 11902
ATS25 i 100 0 11919
AT526 83 0o T ) 292..
ATS27 83 100 0 29215
‘e ATS28 0 0 171560 ]
ATS29 3 [} 171580 ]
ATS30 H 100 0 16154
ATS31 4 100 0 17585
us2 [ O wEEYOT . T 0
M53 0 0 457800 ]
MS4 i 100 0 8057y
ATSS3 [ [} “¥Z890 1]
- ATSN i 3% - 10392 37695
ATSHN 3 100 0 30507
CERY [} 0 YLl e
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TABLE 5.2-13 CREW TIME INPUT FOR 30-DAY TIMELINES
MANEOURS
EXPERIMENT TOTAL 1-YEAR 1/12 OF 1-YEAR | INCLUDED FOR
CATEGORY REQUIREMERT REQUIREMENT 30-DAY TIMELINE
ASTRONOMY,
ASTROPHYSICS 4,37k 365 400
FARTH RESOURCES 870 73 T3
ATMOSPHERIC
SCIENCES 2,049 171 158
PHYSICAL SCIENCE 720 60 180
ADVANCED TECH.
& SUBSYSTEMS 1,534 128 109
MANNED SPACE
OPERATIONS &
LOGISTICS 215 18 15
COMMUNICATIONS/
NAVIGATION 518 L3 61
BIOMEDICAL/
BEHAVIORAL 4,008 33k T3k
BIOSCIENCE 3,055 255 288
—
TOTAL - 17,343 1,bh7 2,018

TOTAL MANHOURS SPENT ON EXPERIMENTS DURING FIRST 30 DAYS

(PER TIMELIFE) = 1,772 MARHOURS.
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Table 5.2-16:

SUMMARY (QUTPUT) EXPERIMENT  DATA

P

EXPERIMENT  NUMBER PERCENT OF  FINAL TIME OF
NUMBER  REPETITIONS REFETITIONS PRIORITY LAST

B COMPLETED_ _COMPLETED _ VALUE__ REPETITION
881 303 100 0 20001
8B2 13 100 ‘o . 35701
Bo3 0 0 547846 0 ‘-
BB4 10 76 0 %5901
. B85 13 100 0 28525
BB6___ - 26 100 1] 4290}
887 v 100 0 25491
B58 2 28 o 34015
Bl 5 100 0 112485
B2 5 100 0 18601 ‘
B3 10 100 0 16911
Bh_ 27 93 2 42655
B5<8 6 100 o 31211
B9 24 a2 0 42901 ‘
B10 10 100 0 19671 ’
B11 10 100 0 16661
B12 6 . -85 0 38331
B13 2 100 0__° __eeil :
. B14 10 100 0 19631 g‘ﬁ
. B1S 10 100 0 24055
16 i 100 b _-1u21
817 10 100 0 17254
B1s 2 100 0 5461
B2 2 100 9 3931
820 1 100 o 5214 ;
821 1 100 0 3sal 3
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D2-114014-1
6.0 RELIABILITY AND MAINTENANCE
6.1 SUCCESS CRITERIA

The success criteria used for this study were based on the study ground
rules and assumptions regarding mission description which influence
reliablility, safely and maintainability. A minimum acceptable level of
mission success probability (Pms) was established at 0.99 for 730 days to
agsure a satisfactory level of crew safety. The mission durations which
were evaluated were 90, 365, and 730 days. The probability of success
applies to only the orbital phase of the mission and does not include
boost or re-entry phases of the mission. Proper operation of experiment/
equipnent is also exc¢luded from the mission success analysis.

With resupply provisions for spares and redundancy, & .99 probability of
success can be maintained for the full 730 day duration of the mission
providing thet a .99875 P.g 18 assured for each of eight 90 day intervals
or .995 Bng is assured for each of two 365 day intervals. At each re-
supply interval, expendasbles and spsres will be replenished as necessary

to restore the spacecraft to its inlitial By, for the 90 or 365 day interval.

6.2 RELIABILITY, MAINTAINABILITY ANALYSIS
6.2.1 APPROACH

The purpose of the reliability/maintainability analysis was to derive the
requirements for achieving numerical reliability and safety goals. Basged
on the results of previous studlies, a certain smount of crew participation
for maintenance/restoration activities are assumed as a requirement to
achleve satisfactory miesion success goals. By providing for crew mainten-
ance activities, the additional welight required for redundancy can be re-
duced significantly even with planning for a minimum meintenance program.
The approach to the reliability/maintainability analysis was to derive an
estimate of requirements for:

o weight of spares and redundancy;

e maeintenance time.
The analysis method employed was the Maintainability and Reliability Cost
Effectiveness Program (MARCEP) whereby redundancy and spare alternatives
are selected to supplement the single thread system on the basis of bhest
gain in reliability or safety for tue least expenditure of critical
resource (weight, cost, volume, etc.). The MARCEP analysis method is
diacussed in more datail in the following section. :
6.2.2 MARCEP AWALYSIS
6.2.2.1 METHODOLOGY

The relisbility/maintainsbility analysis was performmed with a computer
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programued mathematical model called MARCEP which was used extensively in sup-
port of work conducted by Boeing under Contract NAS2-3705 (Study of Maintain-
ability of Long-Duration Msnned Space Flight), completed July 1967.

The subsystem designer defines the subsystem, ldentifies the actual hardware
components to be used, and determines the component level in the subsystem

that will be maintained. The designer develops information on the criticality
of the component to space statlon crew safety, esteblishes allowable subsystem
down time, and the difficulty of component repair. Component failure rates are
identified by the design and rellabllity engineers. Initially a nonredundsnt
single~thread system is defined. This is a basic system of components which has
the capability of performing all of the required space station functions as long
as no component failure occurs. Actually, because of the desire to use existing
hardware, some components may already have some form of redundancy bullt into
them. In this case, the component failure rate is established to reflect the
probability of failure (including failure of any built-in redundancy) of the
function which the component is supposed to perfornm.

The MARCEP then determines the relisbility of each component and the total basic
space station reliability for the mission duration being considered. Each item
is then considered fo. addition to the system in one of three ways: parallel
redundancy, standby redundancy, and spares redundancy; the possible methods
being determined by repairability and eriticality codesused to describe the
component as part of the baslc system. The program uses Fortran IV language
which is operated by the Univac 1108 digital computer.

For each component, parametric evaluation and selection of each method of
addition are conducted, and the perametric value stored in tabular array. The
parametric value stored in this study was change in reliability per added com~
ponent welght. The change is due to the trial addition of the component to the
system. When parametric values have been stored for each component, the entire
array is searched to select the largest value. The component responsible for
this value is then added to the system per the selected method.

As & component is added to the system, a new parametric value is determined for
it, and the new value is entered in the tabular arrsy. Nach time a component is
added to the system, it is added in the most advantageous form of redundancy
possible. This iterative process can proceed indefinitely, but practical or re-
guired constraints are applied to terminate the process. A more detailed tech-
nical discussion of the MARCEP processes ig available in "MARCEP - Maintain-
abllity and Reliability Cost Effectiveness Prograws," E. P. Trott, The Boeing
Company, paper presented at Fourth Annual Relisbility and Maintainability Con-
ference, Los Angeles, California, July 19%5.

The useful result of the program is s printéd sheet of the components added to
the system, in their sequence of additiom, with new system relizbility, method
of addition, and cumulative system welght shown. A typileal computer printout

from MARCEP 1s shown in Appendix II.

6.2.2.2 MARCEP DATA SHEETS

Subsystem MARCEP date sheets were used to organize the subsystem variables into
a format which could be punched on computer cards for automated analysis. The
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subsystem MARCEP date sheets for the flyby mission are included in Appen-

dix. II. These data sheets formed the basie for the combined mission also.

No new dats sheets were prepared for the combined mission. The data point
entries made on the MARCEP data sheets are explained in the following paragraphs:

a)

¢)

a)

Nonmenclature

The nomenclature describing each component or assembly provides the
first entry on the data sheet. In total, this represents an equip-
ment list for the entire space station.

Subsystem

Each subsystem was assigned a two-letter identificaetion code:

Subsystem Code
Comnunications and Data Management CD
Crew System Ccs
Electrical Power EP
In-Flight Test Ir
Life Support and Envirommental Control 18
Maintenance Equipment BE
Propulsion PP
Guldance and Control sC

Component Number

Each component within a given subsystem was assigned an arbitrary
number, according tc the original sequence when the subsystem listing
was established. Once this number was assigned it was inviolable,
and never reused if the item subsequently was deleted as a result of
further analysis and evaluation. Any item added after the original
sequence had been established was glven the next unsssigned number
regardless of 1ts place in the sequence.

guantity in Basic System

Reflects the number of wnits required to make up & basic, essentially
nonredundant, but completely operable subsystem.

Operating Failure Rate ( x 107T)

This 18 the arerage mwmber of times the component may be expectea to
fail in 10,000,000 hours of operation.

Dorment Failure Rate ( x 107)

This is the average number of times a component may be found to be
faulty during 10,000,000 non-operating or on-the-shelf hours.
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g) Welght in Pounds
Weight per unit of the line itenm.

h) Volume in Cubic Centimeters
Volume per unit of the line item.

1) Mean Repair Time
Time in hours adjudged to be the average required to restore the item
to its originel operating condition after a fallure has occurred. A
very serious effort was made to be realistic in this fi ure, taking
into a¢count the space environment, special conditions 1if appropriate,
kinds of tools and other resources required, and inherent difficulty
of the function.

J) Repairability Code
Each item was evaluated for its susceptibility to repair and a code
number assigned. This code is introduced {pto the computer program
for determining the relative merits of sparing »r making redundant.
Codes used were a8 follows:

1) Item cannot be epared or made redundant.

2) Item cannot be repaired or replaced in orbit.

3} Repair requires external work in spacesult

4) Repeir is &ifficulj, poor access or other factor

5) Repalr is easily accomplished, shirtelecve environment. -

Criticality Code

Bazk item also was evaluated for the influence it had on the system
in the event of & fault. Codes uged were:

1) gafety criticel, item must operate continuously.

2) Downtime eritical, redundancy required.

3) Downtime eritical, repair in maximum downtime or less.

%) Repair can be deferred up to 7 days (except RC-2 or RC-3).
5) Repair can be deferred indefinitely.

6) Spares only.
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1) Maximum Allowable Downtime

This was the maximum elapsed time in hours which could be tolerated
between a failure and restoration of the system or equipment to an
operating condition.

m) First Supplementary Component Kumber

The entry in this column iz & separate computer code number for an
additional switch, valve, indicator, sensirg or monitoring devices,
or other part required when the line item is added in as ¢ andby
redundant. Weights, volumes, reliabilities, etc., of these units are
mitigating factors to be applied when the line item is added &s
standby redundant,

n) Second Supplementary Component RNumber

An additional entry to be used as above when a second such component
1s required. This may or may not be the same as the first component.

0) Percent Operating Pime (x 10)

The proportion of & mission during which the line item is anticipated
to be working. sultiplying by ten, permits computer mechanization of
items with operating tirce as low as 0.1 rercent.

p) Parallel ILockout

Denies consideration of the line ivem as a parallel redundent unit.
Applies partiecularly to components associated with EVA, experiments,
structure, ducts, and other items for vhich it is not practicable to
provide parallel redundancy.

6.2.2.3 MARCEP ANALYSIS RESULTS

The MAXCEP analysis was to 0.99 probability of misslion success (Pms) for
730 days, or its equivalent for 90 dsys or 365 dsys as explained in
Paragraph 6.1. Appendix IT inciudes a typical computer subsystem printout
for the MARCIP analysis.

Figurs 6.2-1 shows th» weight added to the space station initial weight

to achieve various probabilities of mission success for 90, 365, and 730-day
durations. Based on these data, 15,500 pounds of spares and redundancy

are required for the imitial launch to achieve 0.99 Py for T30 days for
the cowbined mission., rigure 6.2-2 shows the same data foxr The four-men
flyby mission. For this mission only 12,000 pounds are required to achieve
8 0.99 Pys for 730 days. feble 6.2-1 demonstrates the improvement in
reliability required by each subsystem in order to realize a 0.99 Py; for
730 days. Because of additional requirements for the combined mission, it
will be noted that some of the systems have & lower initial reliability than
for the flyby mission, Table 6.2-2. The initiasl relisbility indicetes the
probability of that subsystem completing the mission without a failure, if
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- 730 Days

Figure 6.2-2:  WEIGHT ADDED FOR RELIABILITY
' Flyby Mission
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no redundancy or spares are provided. The final reliability is that
attained for each subsystem after rsdundancies and spares have been added
to the spacecraft. Tables 6.2-3, ~4, and -5 show the breakdown of spares
and redundancy weight added by subsystem compared to its initial or
single-thread weight for 90-, 365-, and 730-day combined missions. Com=
parable dgta for the basic flyby mission is presented in Figures 6.2-6,
-7, and =8.

The following paragraphs discuss the major contributing weight items for
each subsystem for the 730~day combined mission.

Detailed discussions of each subsystem are presented in Document D2-114015-1.
There will be some differences between the data shown on the MARCEP sheets
and that given in the subsystem descriptions. This is because of changes
made to the subsystems too late in the study period to be iIncorporated in
the MARCEP computer analysis. This 1s not considered significant becsuse the
differences are minor and the spares trends are the same.

a) Communication and Data Management

Weight added--1409 pounds (150 pounds redundancies, 1259 pounds spares).
An initial MARCEP rum, wtilizing the MARCEP data sheets displeyed in
Appendix II, revealed that over 3200 pounds of spares and redundant
equipment were required for the Communications and Data Management
Subsystem, In an effort to explore the impact on welght added, a
second run was made in which the high weight and/or high failure rate
items vere modularized such that remove/replace amd other maintenance
actions were assumed to be accomplished at a lower level. This was
done because it is known that electronic units are usually submodu=-
larized. Lacking specific knowledge of the lower level modularization
of the Communications and Data Management subsystem components, the items
were assumed to be built up from s number of each of three or four basic
modules. As an example, the modularization assumeé for the U.S.B.
transponder was that it consisted of four different modules; there was
assumed to be orz each of two of the modules, two of & third module,
and four of *ae fourth module. The total transponder failure rate,
weight, and volume was divided among the four types of modules. This
reduced the spares and redundancy requirements to only 1409 pounds for
a welght saving of over 1800 pounds. Since the feasibility of a
modular design approach depends on the additionsel costs incurred
through redesign of existing hardware, a cost study is regquired before
the economic advantages of this approach can be assessed., The items
which were modularized for the second iteration were:

Data Storage Unit#* Computsr#
PCM T/M Unit* Data Adapter®
Video Tape Recorder Input Keyboard

™V Monitor USB Transponder¥*

8. B. Power Amplifier (1.350-w)#*
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A capability for fault isolatlion and resdy replacement of each module will
be required. Modules of the "#" items will require the most frequent
replacement. I

Another item which is expected to require frequent replacement are the TV
cameras. There are four in the basic building block and two in the Berth
orbit module. A total of 1lh spare cameras are required to achieve the
required P for T30 days. ‘The following requirements for parallel sand
standby regﬁndanty were ldentified.

OniZied $-Band Transponder (U.S.B.) 1 parallel

S-Band Power Amplifier (1350-w) 1 parallel
S-Band Power Amplifier (50-w) 1 standby
Up-Date Receiver/Decoder 1 standby
Premodulation Processor 1 standby

In the case of the {ransponder and 1350-w amplifier which had been

assuned to be modulsrized, the MARCEP analysis indicated that one of each

type module was required to be redundant because of the critical downtime.
Therefore, a total of one parallel transponder and amplifier wer> required
as well as spares for each of the module typeu.

Crew Systems
Weight added - 859 pounds (all spares).

Significant weight items:

L Spare EVA Suits 2tk pounds
3 PISS Repair Kits 60
3 Spare Refrigerstor Compressors 78
12 Spere Intercom/Warning Sets 30
1 Spare set of Exercisa Springs 55
2 Spare Refrigerator Motors 52
Miscellaneous 290

TOTAL 859 pounde

There was no requirement for parallel or standby redundancy for the crew
system, Most 1tems required few spsres to achieve the 99% P__ for the
space station. An exception was the intercom/werning sete 1#%the crew
guarters which required 12 sgperes. Therefore, this item should get pri-
mary consideration for design for ready fault isolation and replacement.

There are & number of items in the system which realistically should not
be spared at the complete assembly or installation level. Therefore,
these items should be designed for rapair st a lower level than that
presently identified, These items include: washing mechine, dispensary
equipment, oven, hot water and cool water systeme, refrigerator, cabinets,
resiraint system, tape recorder system. In the MARCEP smalysis it was
arbitrarily assumed that & repair kit would be used for some of these
items instead of sparing the complete item. This aliso results in a lower
system added weight.
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Electrical Power
Weight added - 2970 pounds (755 pounds redundancies, 2215 pounds spares),
Again, for this system an initial analysis resulted in-a high added

-welght being caused by the batteries, inverters and voltage regulators.

It was considered practical to modularize the inverters and voltage
regulators and, as a result, the 2970 pounds shown above is over 500 pounds
less than when nonmodularization of these items was assumed. Significant
weight items:

L parallel voltage regulstors + 660 pounds

spare modules
1 parallel set of main contactors 42 ¢
1 parallel set of BC conhastors i8
6 parallel inverters+ spare modules 420
4 spare VR fail sensors 99
3 spare battery chargers 53
3 spare booster converters 52
2 spare batteries 690
Miscellaneous 936
TOTAL 2970 pounds

The spare battery requirements are that due to the possibility of

random failure. Scheduled replacements due to the oné year battery

life are not included here. However, a consciderable spares weight
saving, over 600 pounds, could be achieved if it were possible to replace
individual battery cells instead of replacing the entire battery.

Environmentsl Control/Life Support
Weight added - 6898 pounds (4540 pounds redundancies, 2358 pounds spares).
Significant weight 1tems:

2 standby parallel and 13 spare air " T9 pounds

purification compressors
6 spare catalytic oxidizers

1 parallel redundsnt O, tank 1850
(inel. 0,) 2

1 parsllel“redundant N, tank 1345
(inel. lé)

2 standby and 9 spare water 109
separators

4 pverallel and 8 spare silica gel 1%
caniziers ,

h persilel and 8 spare zeolite 219
canisters
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b parallel and 15 spare vapor 885 pounds
compression units

6 spare reverse osmosis pumps 11k ;

2 pare” lel E-3 fluid reservoir 340
“(inc. . E=3 fluid)

Miscellaneous 1 ,639
Total 6,898 pounds

A trade was made later in the study sparing complete vapor compression
units as compared to providing spares for components of'the unit.
Sparing the components resulted in a reduction of over 600 pounds in
the weight added shown above. The apparently high smount of spares

of some items 1is because the higher basic population for each com-
ponent resulted from s complete EC/LSS being used in both the basic
building block and Earth orbit modules of the combined mission.

The parallel redumdancy indicated must be designed into the system.

In addition, parallel redundancy is also requlired for a number of
other components. This is discussed more fuily in the BC/LSS descrip-
tion, Section 4.1 of Document D2-11401k-l. Of particular concern is
the indication that if the 02 and Np supply system valves (shutoff,
check, vent, and relief), pressure switches, and transducers camnot
be replaced, then anywhere from 2 to 10 sdilitionsal redundsant compo-
nents for each nmuet be provided. Therefore, it would appear necessary
to locate these components within the space station such that replace~
ment is practicable.

Propulsion

weight)added--ahS pounds (233 pounds of redundancy and 12 pounds of
spares).

The propulsion system is used for only a small part of the total
mission time, Therefore, the equipmeni failure rates and operating

- times were adjusted as required to nchisve an equivelent probability

of success for a T30-day mission. Recsue of the relatively low
operating time, the redundaney and sparen requirements are significantly
lower than for the other mejor systuws. Most of the redundancy weight
is attributed to three parsllel redundmn’ helium pressursnt tanks for

e total weight of 175 pounds. Redwniancy is also required on most of
the velves, regulators, lines, and heat exchangers in the system.

Guidance and Control

Weight added--2656 pounds (953 pouad: redundencies, 1703 pounds spares).
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Significant welght items: oY
|3 spare CM spin motor/rotor assemblies 174 pounds 4
1 parallel fuel tank (incl. fuel) 226 | "%
1 parallel oxidizer tank (incl. oxidizer) U451
4 gpare inverter electronic packeges 228
5 spare BMAC packages 102
3 parallel sets of reaction Jets 101
1 parallel and 5 spare imertial platforms 438 /r
i
I spare display electronics units 96
I spare CMG control electronics assy 96 \«ﬁ;
T spare torquer electronics units T0 .
4 spare gyro display coupler 9k N X
Miscellanzous @ E 3
\;u o
Total 2,656 pounds
ﬁ;‘
.
The Sun sensor and horizon sensor packages were identified as being -
non repsirable or nonreplaceable. Therefore, the subsystem reliability &

eould only be improved by pevallel and standby redundancy. To achieve

R R L

N

this would require the following:

S e e e e e s

Redundancy Required o
Horizon Sensor (2) 8 (4 sets of 2)
Swn Sensor (2) 6 (3 sets of 2)

Providing four parailel sets of horizon sensors and three parallel
sets of Sun sensors may be practicable., But comsideration should be
given to providing a replacement caspability for the high failure rate
part. of the sensors.

The propellant siorage, regulation and distribution components required
three of four redundant compoments for each valve, filter, or regulator
in the system. It may present a design problem to incorporate this
redundancy without wnduly complicating the sysiem. Therefore, it would
be advantageous to locate these components so they can be replaced and
elininate the need for extensive redundancy. ,
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The OMG's were assumed to have replaceable rotor bearings, gimbal
bearings, gimbal torquer assembly, gimbal pickoff, and spin motor/
rotor assembly. If the (M3's cannot be designed for this level of
replacement, but must be replaced as a complete unit, then the
spares requirements will increase by over 2000-1bs,

g) Inflight Test System

Welght added - 373-1be (all spares). Significant weight items:

i spare safety monitor units 36-1bs

3 spare test display and control units 36

3 spare signal generators 66

2 spare counters 30

2 spare oscilloscopes 28

2 spare manual test units 4o

T spare flight dlrector displays T

Miscellaneous 130
Total 373~1bs

The inflight test system as analyzed in MARCEP included the main
operation console displays and controls. There were a number of
spares required for each of these items, but they were relatively
light in weight and accounted for only & small part of the added
weight.

h) Maintenance Equipment
Weight added - Ul-1bs (all spares).

The major part of this weight is for two spare electron heam welders
for a total of 18-1bs. The low added weight for this system is
mostly due to the very low operating time required for this equipment.

6.3 MAINTENANCE REQUIREMENTS
6.3.1 MAINTENANCE DEFINITION

Maintensnce can be defined as all the activities necessary to keep space-
craft subsystems in, or restore them to, a satisfactory operating condi-
tion., Scheduled maintenance is preplanned for sccomplisiment at glven
points or intervals. All other maintensnce is classed as unscheduled,
Typical activities which are included in each of these categories are as
follows:
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Scheduled Maintensance

1) Routine ingpection, servicing, and preventive maintenance
activities; e.g., replacement of filters, chemicals, wicking;
inspecting and cleaning equipment; hougekeeping functions;
replenishment of expendables; calibration functlong; lubrication.,

2) Replacement of components which have a 1imi£ed wearout life;
e.8., batteries, lamp bulbs, reacti on control engines.

Unscheduled Maintenance

1) Replacement of components because of random failures.

2) Repair of damage resulting from wicrometeoroid impacts,
docking operations, unanticipated human errors during
malntenance, or handling of equipment,

3) Calibration or adjustments required to bring operation of
newly installed or unduly deviating components within required
tolerances,

64342 ' MATNTENANCE GUIDELINES

The ldentification of maintenance requirements for the configurations
reviewed in this study involved the description of the spacecraft sub-
systens down to the replaceable component level., An analysis of each of
these components resulted in the identification of the equipment require~
mente, crev skills, repair times, and other maintensnce aspects associated
with replacement or repelr of the item. Since scheduled maintenance can
be predicted, and accounted for in eystem programming (including the pro-
visioning of onboard resources), the burden of the study was to determine
the probable extent and influence of unscheduled maintenance as a factor
in mission accompliskment. The bhasic functions reguired to accomplish

the unscheduled maintenance tasks which were considered in the maintenance
analysis are described in the following paragrarphs. '

An initial requirsment for unscheduled maintenance normally will aevelop
from displey indications or scheduled maintenance inspections.

When a subsystem malfunction is discovered, the crew member would assess
fault isolation points by inserting the fault isolation cables into the
subsystem test connectors and conduwe ting the fault lsolation routime
specified for the equipment. From the fault indication, it will be deter-
mined whether the maintenance is to be performed in a shortsleeve environ-
ment or in an unpressurized or exterior area requlring a pressurized
spacesult snd backpack operation. A determination also will made of the
maintenance equipment required to correct the malfunction, and of the
spares required., The maintenance equipment, including personnel and tool
tethering devices, locomotiou devices, and spares will be obtained from
storage.

R |
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If the malfunction is within the nomally pressurized area, the maintenance
personnel. can proceed directly to the fault location. If the malfunction

is in an unpressurized area or external to the spacecraft and component
redundancy has not been provided, egress through an airlock in a pressurired
spaceault with a backpack will be required, Crewmen required to work in a
pressurized spacesuit must prebreathe pure oxygen for about 30 minutes at
the spacecraft's normal internal pressure (7 psia) to avoid bends, before
transfer to pure oxygen at the spacesult pressure of 3,5 psia. For external
maintenance, tethering devices and handholde as a means of manuevering will
be necessary. Tethering devices will be required for the maintenance
equimment and spares,for both exterior and interior maintenance.

A space enviroment factor which could affect the performance and
scheduling of extravehicular maintenance is radiation hazard. This is
greater at some localitles in space than at others, Therefore, if extra-
vehicular activity (EVA) becomes necessary it may be required to schedule
it to avoid high radieti on portions of the mission ard the malfunction is
such thaet & delay can be tolerated., Additionsl space enviromment factors
which must be considered during the development of EVA meintenance
techniques are temperature extremes, micrometeoralds, electrostatic
charges, and light intensities,

After access has been gained to the area of the malfunction, verfication
of the fault will be made; additional fault isolation may be required to
identify items to be replaced., If at any time it is apparent that a
malfunction cannot be corrected, the problem will be coordinated with
Earth, If the problem is serious enough, it may require evacnation of the
spacecraft and return of personnel to Earth (if possible), or retreet to
the re-entry vehiele until return is possible. In most cases, an alter-
nate mode of operation can be used until return to Barth or until the next
resupply mission, at which time the necessary meintenance equipment or
spares can be brought to the spacecraft.

Corrective action generally will congist of replacement of the faulty item,
although in some cases, such as damage to structure, ducting, and large
tanks, the maintenance will involve repair. During maintenance operations,
provisions must be made for containing debrie and fluids to prevent con-
tamination of the area, This will be true both inside and outzide the
gspacecraft, After the necessary corrective action has been taken, the
installation will be inspected, serviced as required, and checked out.

Any removed access panels or equipment will be replaced. Personnel,
equipment and the removed item will return to the spacecraft, the mainten~
ance equipment will be returned to storage, and the O, equipment, space-
suit, or backpacks serviced as required. The removed faulty unit will be
inspected for any visual evidence of failure; minor tests with available
maintenance equipment mey also be conducted, If a small repair shop is
available, minor repairs such as cleaning of parts, adjustment, or cali-
bration of instruments, etc., car be performed. The naintenance action
taken including pertinent data and observations, will be logged and the
faulty item will be placed in storage for disposal. The malntenance dats
algo will be transmitted to Earth at- the next camunication period.
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64343 ASSUMPTIONS

Proper performance of the maintenance anslysis required that certain

assumptions be established to ensure unifomity of effort and reduce

the number of variables to a manageable level, Some of those used in
this study include the following:

1)

2)

3)

k)

5)
6)

)

8)

Unscheduled maintenance has priority over scheduled maintenance.
Therefore, if maintenance resources (including crew skills) being used
for scheduled maintenance are required for unscheduled maintenance,

the scheduled tasks will be delayed until completion of the unscheduled
task.

The mean maintenance repaiyr times include the time from receipt of

8 fault indication through completion of the repalr of replacement
including checkout, and return of equipment to storage. The repsir
times are also based on the sassumptions included herein being valid.
Where EVA 1is required, the time reflects that necessary for checkout
and donning the spacesuit, egress and ingress through the airlock, and
doffing and servicing the spacesuit, Part of the time required for
pre-breathing pure oxygen is assumed to be simultaneous with donning
the spacesuit, This study assumed that the time for egress and in-
gress including donning and doffing the suit can be accomplished in
30 minutes.

Repalr of subsystem malfunctions will generally be limited to replace-
ment of components listed on the MARCEP data sheets., A limited number
of repajr functions are permitted and these are ldentified on the data
sheets,

The spacecraft configuration with parallel and standby redundancies
ag determined by the computer optimization program is designed such
that no single equipment failure will cause mission failure,

Capability to remove components used in fluid systems was assumed,

All plumbing runs will be continuous where possible, All Joints which
are not expected to require disconnection will be brazed or welded,

Interconnecting wiring which might be expected to require repair
will use wire wrap or similar techniques for high relisbility and
easlly repairable connections. This will eliminate the need for
goldering and potential associated problems,

Sufficient experience will have been gained on previous manned
gpace flights that equiyment will be designed for maximum ease-of-
maintenance considering the availuble personnel skills, support
equipment, and expected space enviromment.
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9)
10)

11)

12)

13)
14)
15)
16)

17)

18)

19)
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Adequate lighting capability will be provided for both external and
internal maintenance,

The pressurized spacesult and backpack have a normsl endurance capability
of 3 hours with additional reserve capability of 1 hour.

Spares will be stored in a location which is readily accessible to
the crew. An imventory will be kept of the spares onboard and their
storage location to facilitate finding the correct spare when needed;
and where applicable, to ald in determining new spares needed at
resupply.

Where feasible, it was assumed the onboard inflight test system
which includes the display panel indicatiocns would isolute a failure
to the replaceable component. This was assumed to be true for
electronic equipment, in particular, Otherwise, it was assumed that
test polints would be available so a fault could be isolated to the
replaceable component through the use of available maintenance and
test equimment. It was also assumed that fault isolation could be
performed without breaking electrical connections and that all com-
ponents and test points would be accessible to & pressure suited man
where this was required.

Electronic components requiring replacement will be designed as plug-
in modules.

Components will be designed to requlre the use of no tools; or a
ninimum number of standard tools whenever possible.

Warning devices will be provided to give immedlate warning of fajilure
of critical components,

The interior volume must be sufficlent toc allow the crew to
efficiently accomplish the mission,

The interior must be compatible with the maintainability requirements
for accessibility, and operability requirements for monitor and
control,

Safety congiderstions such ag rounded corners, easy access to space-
suits, rapid exists, and enclosure of experiments and operations
which could contaminate the spacecratft interior shall be incorporated.

The interior of the vehicle, including all access hatchies are sized
for the 10th through 90th percentile crewmsin in a pressurized space-
sult.

7l
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6.3.4 UNSCHEDULED MAINTENANCE REQUIREMENTS SUMMARY

A mission simulablon model was designed to simulate the unscheduled
naintenance requirements of a fully configured space station as developed
by MARCEP to the desired level of mission success; and, to determine the
effects of maintenance time, spares weight, resupply intervals or nmission
durations, and system rellability on the system, The simulation method
uses the IBM (enersl Purpose System Simulation (GPSS) Model TII language
that is operated on by the IBM TO94 digital cemputer.

Unscheduled fatlmws vere assumed to occur randomly within an assumed
exponential distribution about the total system mean-time~between-failure
(MIBF) rate. A separate small Fortran program was used to calculate the
total system MIBF, including eny parellel or standby components added to
the bagic system by the MARCEP, and the contribution that each of the
component types made to the total system MIBF. Each time a failure was
crested, random nuwbers were generated to identify the subsystem and the

component of that subsyastem that failed, The probability that the failure

was within a specific subsystem was directly proportionsl to: 1) the
ratio of the subsystem failure rate to the total spacecraft failure rate;
and 2) the ratio of the component failure rate to its subsystem failure
rate, After the falled component had been determined, its nmumber and
welght were tabulated within the computer, The meintenunce time that
must be spent on the tesk was then calculated. Initially the mean-time-
to-repair (MPIR) for each component type, as identified in the MARCEP
analysis, is fed into the computer., However, in reallty it is known
that the actual repelr times may actually vary considerably about the
mean value, Therefore, the MITR values entered into the program were
multiplied by a number randomly picked from a log normal cumulative dis-
tribution curve, Thig resulted in the actual repailr time varying from
0.1 to 10.0 times the expected MITR., The data on maintenance time was
then recorded., After each day of simulation, statistics were tabulated
on the maintenance time, At the end of the designated mission time, data
was gathered on failures, spares weight and maintenance time, The simu~
lation was then continued until the mission £ime had been simulated 100
times, The statistics for the total simulation of 100 gycles of the se-
lected mission duration or resupply interval were then tabulated,

Previously, in Paragraph 6.2, curves were presented showing weight added
to a basic spacecraft system for various mission intervals to achieve a
99% probsbility of mission success for 730 days. The amownt of this
welght actually expected to be used to correct random component failures
(unscheduled maintensnce) is shown in Figure 6.3-1 for the combined
mission. The maximum weight of spares expected to be used during any one
90-day period is aboub 375 pounds, which represents about 7.5% of the
weight initislly added to the system for a .99875 Pug for 90 days. It is
also noted that 95% of the time the weight of spares used will be 200
pounds or less., The mean expected spares usage for 90 days is 25 pounds.
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Figure 6,3~2 presents the expected spsares usage date for the basic flyby
mispion. As would be expected, the spares usage is lesg for this mission,
The maximum usage for 90 days is 225-1bs and the mean usage is 58-1lbs,

The expectad impact of the unscheduled maintenance on the mission and

crew operations as derived from the 100 mission simulations 1e shown in
Figures 6.3-3 thru 6,3-7 . Figure 6,3-3 indicates that on 834 of the days
there will be no unscheduled malntenance required for the combined mission,
If all the unecheduled maintensnce required could be aversged out over the
total mission, the mean daily repalr fime would amount to only 22 mimutes,
From Pigure 6,3-l, for the basic flyby mission, G0% of the days will require
no maintenance and the mean daily repair time is 17 minutes. '

Figure 6,35 shows the repair task time distribution for the 12% of the
days on the combined mission during which some fallure occurred and un-
scheduled maintenance may be required, The chart reflecte that about 8%
of the failures will require no maintenance, 22% of the tasks will require
between O and 0.5 hours, and 96% of the tasks require 10.5 hours or less.
However, the mean task time is about 147 minutes (2.5 hours) because of
the effect of a few repalrs which require a large emount of time, The 8%
of tche failures for which no maintenance is requirad means that for those
failures there is parallel or standby redundancy available, and replacement
of the failed item 1s not required, Figure 6.3-6 presents the same type
of data for the basic flyby mission. In genesral, there is & very close
correlation between the two missions for distribution of the repair task
time,

Figure 6.3~7 graphicslly portrays che percent of total system failures
and repeir time which is attributable to each subsystem for the combined
mission. It is of interest to note that the EC/LSS and Inflight Test
System have the highest percentage of system failures., However, the EC/
1S58 requires & much greater proportion of the repeir time. This is v~
cause the Inflight Test System includes all of the control panel displays
and indicators which, vhile they fail relatively frequently, can be
replaced rather easily., The higher percentage of repair time compared to
failures for the Communications and Crew Systems indicates that the average
maintenance action for each of these subsystems requires more time than
for the other subsystems, This is confirmed in Table 6,3-1 which breeaks
down the fallure data for esch subsystem. As noted, the total average
minutes per day for unscheduled maintenance 1z only 22 minutes,

Similar data for the basic flyby mission is given in ™igure 6.3-8 and
Table 6.3~ .. The percentage breakdown ir generslly comperable to the
combined mission. The differences cannct be attributed to the Incresse in
onboard equipment of some of the systems for the cembined miszion,

Figures 6.3-9. and 6.3-18 show a typicel occurrence of unscheduled mainten-
ance tasks for each misgsion for 1 year's time as determined by tbe systeme
simulation, The mean task repair time and mean daily repair time mmbers
shown on the figures are as determined by 100 simulations of a T30 day
time pariod. The numsbers are not necessarily the mean values for the 360
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RES AND UNSCHEDULED MAINTENANCE REPAIR TIME

SUBSYSTEM FAILU

Flyby Mission

Figure 6.3-8:
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days simulated on the figure. Also shown are the expacted scheduled mainten~
ance requirements which are discussed further in the following parsgraph,

64345 SCHEDULED MAINTENANCE REQUIREMENTS SUMMARY

The NAS2-3705 contract (Study of Maintainability for Long-Duration Manned
Space Flight) included an extensive analysis of scheduled maintenance that
involved typical spacecraft systems for an Earth orbit miesion which com-
pare favorably with the systems being used for this miseion, Therefore,
the results of that study are considered spplicable here.

The scheduled maintenance requirements, which by definition occur at pre-
planned time intervals instead of randomly, were calculated manuslly., The
requirements were initlally identified in the maintenance task analysis of
the NAS2-3705 contract. Table 6,3~ 3 summarized by subsystem the total
man minutes and aversge man-minutes per day for the scheduled maintenance
required at the different time intervals for the combined mission. It is
expected that with the proper scheduling these tasks could be apportioned
over all the days of each 90 day interval so the workload would be rela-
tively evenly distributed over each dsy., It is noted that an average of
about 168 man-minutes (2,8 man~hours) per day are required to accomplish
the identified scheduled maintenance, The Yife support system (environ-
mental control included) and the crew system, which includes the general
housekeeping functions, together acecount for about 69% of the scheduled
maintenance., Table 6,3- U presents the scheduled maintensnce estimates
for the bagic flyby mission which requires an asverage of about 1.5 man-
hours per day.
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APPENDIX I
APPLIGATION OF BARTH ORBITAL EXPERIMENT PROCEDUFE
TO MARS FLYBY

1.0 SUMMARY

The major experiment groups planned for the 1975 Mars Flyby were examined
briefly to determine the value of performing practice or "dry runs® of
them in Barth orbit. All experiments were determined to benefit from
Barth orbit operations to a high degree. However, scme of the experie
ments can contribute almost nothing to fulfillment of Earth orbital
objectives. The others may contribute considerably. The summarized
qualitative value of conducting these experiments in Earth orbit is dis-
played in the following table:

Benefit to 1975 Contribution to
Experiment Mars Performance Marth Orbit Objectives

4O inch Aperture Telescope Obs. Full Full

Panoramic Camera Photography Full Full

Enroute Experiments; Exobiology Full Almost Full

Mars Atmospheric Probes Full Little or None

Mers Orbiter Considerable Possibly Much .
gcaling required .

Mars Surface Sample Return Some scaling -None
required

Mars Lander Some scaling None
required
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2.0 INTRODUCTIOR

Substantial differences exist between the environmental and operational
conditions prevailing in Barth orbit from those on a flyby mission. The
following paragraphs discuss generally the effects these will have on the
validity of the Barth orbital work as a preparation for the mission. In
addition, comments will be made on the extent to which these checkout
procedures may contribute to Earth orbital (BO) objectives.

Table ¥-1 . is & matrix of the major flyby experiments displayed against
the major differences existing between Earth orbital conditions and those
of the Mars Flyby.

The specific qualitative effect of each major environmental difference on
each of the seven major experiment groups is noted briefly in the appro-'
priate box. These are of course only first-look effects. Many alterna-
tive methods exist for accomplishing Earth-orbital checkout of Mars ex~
perimental procedures. Decisions on these alternatives must be made at -
the time of the Mars experiment design and the final version of the Earth
orbital experiments.

In the column at the left of Tuble X-%. 18 a summary statement of the
the validity of the trial run in Earth orbit of each of the seven Mars
experiments. Comments on these results are given in the following pages
in the order the experiments are listed in the table.

2.1 LO-INCH APERTURE TELESCOPE OBSERVATIONS

The 40-inch telescope is central to the Mars Flyby expedition., This is
because the high resolution color photographs will be direct {not
tacsimile ) and therefore the best detail of the eurface available from
the expedition. The teleacope is also critical to the Mlyby.operations
as it is used to select the locations for deployment of the MBSR and the
Lander.

Table . J~%, column 1, shows the atmosphere difference between Earth and
Mars as having no first-order effects. Filters, film and exposure pro-
grams deeigned specifically for Mars, and Earth orbital use will not be
of direct assistance. As shown in column 5, solar intensity variation
from Birth to Mars will influence these designs. MFaster angular rotation
of Mars target point may very easily be checked out in Earth Orbit. 1In
summary, all or nearly all of these Mars procedures may be checked out
while fulfilling Barth orbital objectives.,

2.2 PANORAMIC CAMERA PINWOGRAPHY

Generally the same environmental differences apply to the camers as to
the telescope. The panoramic camera will probably be mounted to the
spacecraft instead of having its own stabilimatien as does the telescope,
The accomplishment of earth orbital objectives will contribute directly
to the Mars Flyby. The film design and exposure program for the flyby
mission will be assisted by data taken on Yoyager missions,
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MARS FLYBY EXPERIMENTS

1

ATMOSPHERE (MARS: VMT)

SURFACE_DENSITY

DENSITY @ 150 Km

3

TRAJECTORY SPEEL
RELATIVE VELOCII

(MARS OBJECTIVES) gm/cm gm/em: fect/second
FLYBY E.O.
FIYBY g E.0. 3 |98 | 1836 9 FLYBY E.0.
6.82 x 10 1.225 x 10 X 10 x 10 32,000 25,C
EFFECTS OF DIFFERENCES
I. 40 INCH APERTURE TELESCOPE Mars atmosphere probably more Angular velocity increas
OBSERVATIONS transparent than Earth. Effect _ from about 0.015 radian
of composition needs further > second in E.0. to 0.026
study., ¥No further effects. 0.035 in Flyby. No
B operationel or design ch
required. !
II. PANORAMIC CAMERA
PHOTOGRAPHS
I¥i. ENROUTE EXPERIMENTS Proximity of Earth and Mars
INCLUDING EXOBIOLOGY not relevant. Good N
calibrations on Sun, » =
Jupiter, for planets,
asteroids, stars,

IV. ATMOSPHERIC PROBES No change in operational
procedures nor probe design. _ =
Good calibration of ol -
instrument.

V. MARS ORBITER No effect unless atmosphere Only small injection eng
used for retro and orbit o required in E.O0. Heat s
forming. No operational - or retro propulsion will
change. dwnmy only.

YI. ™SSR Heat shield area and retro Probe deployed to be neax
(lLanding) propellant adjusted - plene of spacecraft aboui
for Earth gravity and 9 deys efter release fror
atmospheric profile. No fmple AV capability ex:
operational change. for plane change as requ

ie8s propellant required
rendezvous in E.O.
VII. MARS LANDER Heat shield area and retro i{eat shield area adjustec

(landing) propellant adjusted
for Earth gravity and
atmospheric profile.
operational change.

N

compensating density and
velocity effects.

FOLDOUT FRAME | _



MAJOR DIFFERENCES BETWEEN CONDITIONS IN EARTH ORBIT (E.(.) AND THOSE ON MARS FLYBY

L 5 6 ) 7
1Y SPEED COMMINICATIONS DISTAN("E
‘VELOCI'I‘Y AUI'TIUDE SOLAR DISTANCE PROBE~ SPACECRAFT PROBE - DSIF
cond N.M. ABOVE SURFACE A, NM AU R.M.
4 0.
E.C. FLYBY E.O. FLYBY E.O. FLYBY E.O. FLYBY E
25,000 460 260 1 - 2.2 1 100 - MR* 100 - 1250 0.5 = 3.0 250 ~ 1,
CES oON VALIDITY OF EARTH~-ORBITAL "DRY-RUN" OF FLYBY
'
increase E.O. and Flyby astronomicul All desiun and operations x’
redians/ experiments both are parts for E.0. will be directly L N.A,
0.026 - -+ of continuous program of applicable to Flyby.
No similar Solar System
sign change observations. )

No effect except changes
of exposure for local N.A. N.A.
light conditions and filn i
o used. .

Shielding of experiments
from radiation generally N.A, N.A.
. - more difficult in E.O.

Communi: at {ons procedures

" - NO EFFECT distances and geometery all N.A.
very siailer in B.0. and
Flyby.
ion engine Tracking and line of sight Probe to DSIF communicat
Heat shivld (L.S.) communications @ cennot be practiced to a
on will b; NO ERFECT NO EFFECT sbout 2,00 WY in E.O. versus velue in E.O.
meximum range of many thousand
1_miles on Flyby.
be near L.S. communications with
ft about surfaced MSSR @ about 1,350
ase from E.O. NO EFFECT NM in E.0, versus asbout 2,500
Lity exists on Flyby. Departure unlimited 3
. on Flyby approach. (See
18 requireg. Figure
:quired for
djusted for
ty and NO EFFECT NO EFFECT ‘
*Max., hec

FGEDOUT FRAME =

= S = TR 5 = = o T - Temaacea e ~C
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Table I-1: VALUE OF SIMULATING MARS FLYBY EXPERIMENTS IN EARTH ORBIT
8 9
P PLANETARY GRAVITY
n FIELD omsec? SUMMARY OF VALIDITY [
: OF EARTH - ORBITAL
EXPERIMENT "PRACTICE" P
0. FLYBY E.O. i
0 ~ 1,250 315 9% o'
b
Barth Orbital checkout of telescope j
NO EFFECT operation will be fully effective for o
Mars Flyby provided faster angular o
passage of Mars is allowed for. oy
E.0. objectives accomplished. '
i !
X
Panoramic camwera checkout in E.0. i
NO EFFECT vill be fully effective providing ;),
differences in angular paseage and i
light conditions @ Mars are an i
anticipated. E.O0, cbjectives
accomplished. N
K
All phases of Enrpute experiments, ;“’
RO EFFECT particularly with astroncmy sand i
control specimen behavior will be L
fully utilized in fulfilling E.O. C
aobjectives. i
2 u’,
Measured accelerastions and All phases of atmospheric probe ; R
impact pressures will tend experiment may be checked out in ;
to be higher on E.O. deploy- E.0., but without any new P
ment. No operstional change. achievement in E.0, objectives. i
!
mnications | No effect unless atmosphere Deployment and tracking of Orbiter L
d to any used for retro and orbit can be effectively simulated. Tt b
forming. No operational may contribute to economic but not [
change. scientific advance in E.0, data L& .
gathering. No value in DSIF checkout. i
i
i
Launch propulsion system must | Checkout of all phases of MSSR fully P
be larger to attain Earth effective in E.0,, but no E.Q.
Orbit than Mars design first objectives will be achieved. .
atege. No operational change. | Pendezvous will require launch of s
pe sample on later orbit than deployment, .
and before spacecraft orbits 1,350 KM i
beyond deployasent site. e v ]
Retro propulsion for landing Value of checkout in E.O. gemerally oy
impact must be enlarged, or limited to deployment. No E,O. %
compensating effect of Earths objectives may be realized. o
atmosphere used to accomplish ‘% .
landing from E.O. ;
§ R !
A-3 & A-4 ¥ i
%
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2.3 ENROUTE EXPERIMENTS INCLUDING EXOBIOLOGY

The Mars Flyby enroute experiments are Iin almost every sense a direct
extension of the experiments to be conducted in Earth orbit in fulfille
ment of purely Barth orbital. requirements, )

0f the Enroute experiments, only one group, that directly pertaining to
the Mars surface samples, is not affiliated with the Earth orbital
experiments, In a larger sense however, even this is an extension of
the investigations of the reactions of Earth Life forms to the orbital
conditions: weightlessness, lsolation, solar radiation, and the parti-
cular design of experimental laboratory.

Table X=2 gives one example of the type of improvement the flyby
mission will offer on Earth orbital astronomical data gathering. Some-
what closer approaches will be made to Juplter and Saturn. But much
greater differences in the approach distances will pertain to such targets
a8 Mars satellites Demlos and Phobas and asteroids Medusa and Xanthippe.

In summary, all prepsmition for the Mars Flyby Enroute Experiments will
contribute directly to Earth orbital objectives,

2.4 MARS ATMOSPHERE PROBES

By the time of the subject Earth Orbital experiments, there will be very
little information to be collected on the Earth stmosphere that can be
obtained by the Mars atmosphere probes. Launching the probes over the
ocean or unpopulated regions and recording the data will be essentially
the same in Earth orbit as on the Mars flyby. There will be no need to
duplicate the deployment 5 ~ T days before Mars encounter except as
necesgsary in time~line studies of encounter procedures. These can be
simlated without actual launch. Readout of date will be from a relative-
ly short distance, both in Earth orbit and on flyby. Accurate tracking
will not be necessary, as the precise landing spot is not important.
However, the relative position of the probes to each other as they enter
will be of interest in case there are significant differences in the
readings of the several probes,

A-5
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2.5 MARS ORBITER

The Mars orbiter should have all possible commonelity with unmanned dats
gathering vehicles for Earth orbit. This would permit the remotely
controlled Bartk surveillance vehicles to make a cumulative snd direct
contribution to the reliability and quality of results of the Mars
orbiter vehicle.

Atmospheric orbit-forming operations for the Mars orbiter cannot be
checked out effectively in EBarth orbit without use of an additiomal
impulse of some TOOO fps to the Earth orbit experimental vehicle. Care-

ful study required of the scaling laws (involving acceleration of gravity,
velocity. and atamospheric demnsity differences) and dynamics of the vehicles

was not performed to determine if such experiments are warranted. Until

the mode of Mars orbit formation for this vehicle is determined, the Earth

orbit experimentsl vehicle camnot be finalized. As stated in columm 3
of Table I-l, formetion of a similated Mers orbit in Eartb orbit will
require only s small injection lmpulse.

Major operational differences 1n the communications and data readout for
the Mars orbiter will distinguish Mers flyby from Earth orbital opera-
tions (columns 6 and 7 of Table I-l). Figure I-1 shows the geometry of
communications between the Mars orbiter snd the spacecraft for both Easrth
orbit and Mars flyby. As the flyby spacecraft passes beyond Mars it may
commnicatée with the Mars orbiter every orbit. At large distances com-
munication can be sccomplished over sbout 59% of the Mars orbit.

The maximum range at which the Earth orbital spacecraft may communicate
with Mars orbiter is about 2700 n.mi. Also, there is no comparable mode
of test for the link between the BSIF and the orbiter. The distance is
too short in Faxrth orbit to do other than check out the existence of the
link and its proper frequencies. Bach DSIF station in the orbital plane
(occurring only about once every 15 orbits) covers the orbiter for only
about 43° or 12% of the orbit.

In sunmary, operational checkout of Mars orbiter circular deployment in
Barth orbit will be direct and straightforward; complete simulation of
Mars parameters including aerodynsmic or elliptical orbit formation will
be a considerable task,

.
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2.6 MARS SURFACE SAMPLE RETURN MODULE (MSSR)

The MSSR deployment and retrieval may be fully simulated in Farth orbit.
However, its operational parameters will be different, and there are no
apparent Earth orbital objectives which can be accomplished during this
gimulation,

Colums 1, 2, 3 and 8 of Table X1 note that with the appropriate re-
design of the landing propulsion system and the heat shield ares of the
descent vehicle, the operational procodures at deployment will be similar.

JMgure I~2 . shows that, in some cases, the MSSR landing site selected
may be off the flyby trace. Launch for pickup of MSSR payload however,
miet be from a point in the flyby plane. This may be tested in an Earth
orbit simulation by bringing the MSSR back on Spacecraft track near the
simulated perispsis. All parameters must he scaled, which will change
the timing. The inclination of Earth orbit to equator is about 50°;
inclination of Mers flyby trace appears to be 30° to 35° (data not given).
This will provide a more abrupt convergence of the Earth orbit with the
line of rotation of the MSSR landing slite than for the Mars flyby case.,

TLaunching the MSSR payload from Earth will require a larger first stage
due to increased gravity in order to lift the return probe and achieve
orbit in a single impulse. This is necessary to allow the coast period
used for the off-trace landing site. The rendezvous technique of the
returning payload in Earth orbit and in the flyby will be identical.

Figure I-3 . compared with the Earth sketch of Figure I-}.. shows the
difference in the geometry of the flyby and Earth orbital tracking and
communications problem The Mars flyby view of the landing site is
unlimited on approach but extends only about 2500 n.mi. or about 8
minutes beyond before it is obscured by the Mars horizon.

The Barth orbital deployment of the MSSR should monitor the vehicle
landing on the orbit previous to the MSSR sample launch and rendezvous
in order to allow the sampler to complete its tasks (94.5 min.). This
means that the MISR landing must be displaced from thée spacecraft orbit
to be in the orbital plane of the pickup orbit. The amount of the
lateral displacement will be approximately

(60*) (23.9 n.m./deg. )(5in50°) = 1100 n.m.

to the westerly side of the orbit. Monitoring the landing from the
spacecraft will be possible if the terrain is smooth.

Hb Earth orbital objectlives have been proposed which can be fulfilled
by the Earth orbit tests of the MSSR.
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Figure 1-2: GEOMETRY OF FLYBY TRAJECTORY
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2.7 MARS LANDER

Deployment of the Mars Lander . .rom Earth orbit will involve all the
considerations appropriate to the MSSR landing. Propulsion system and
heat shield must be scaled. However, this vehicle can be deployed at
any time since no rendezvous is required with the spacecraft.

There are no apparently significant Earth orbital objectives which can
be fulfilled by deployment of the Mars Lander from Earth orbit.
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AFPENDIX 1I
MARCEP ANALYSIS DATA

This appendix contains the dataused in the MARCEP (Maintainability and
Reliability Cost Effectiveness Program) analysis of the selected con-
figuration. The first part of this appendix contains the MARCEP dats
sheets which wvere preparad for each subsystem in the space station. The
second part of this appendix presents the results of a typical computer
run based on the dats contained in the MARCEP data sheets.

MARCEP DATA SHEEYS

The MARCEP data sheets organize the subsystem component variables into a
format which can be readily punched on computer cards for automated ana-
lysis. These data sheets are for the flyby mission. The same components
vere used for the combined mission but the quantities were different for
some subsystems. The data point entries made on these data sheets are
explained in the following paragraphs.

8. Nomenclature
The nomenclature describing each component or asgsembly provides the
first entry on the data sheet. In total, this represents an equip-
ment list for the entire space station.

b. Subsystem

Bach subsystem was assigned a two-letter identification code:

Subgystem Code
Communications and Data Management cD
Crew Systea cs
Flectrical Fower EP
In-flight Test IF
Life Support and Environmental Control 1S
Maintenance Equipment ME
Puidance and Control sC

¢. Component Number

Bach component within a given subsystem was assigned an arbitrary
number, according to the originel sequence when the subsystem listing
vas established. Once this number was sssigned, it was inviolable,
and never reused if the item subsequently was deleted as & result of
" further analysis and evaluetion. Any itees: sdded aftar the origlmel
sequence had been established was givem the mext unsasigeed nuaber
regardless of its place in the sequence. ’
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Quantity in Basic Systenm

Reflects the mmber of units required to make up a basic, essentially
nonredundant, but completely operable subsystem.

Operating Failure Rate (x 107)

This ia the aversge number of times the component may be expected to
fail in 10,000,000 hours of operation.

Dormant Failure Rate (x 10')

This is the aversage number of times a component mey be found to be
faulty during 310,000,000 nonoperating or on~the-shelf hours.

Welght in Pounds

VWeight per unit of the line item.
Volume in Cubic Centimetars
Volume per unit of the line item.
Mean Repair Time

This is the estimated average time in hours required to restore the item to
its original operating condition after a failure has oceurred. A very
serious effort was made to be realistic in this figure, taking into account
the space environment, special conditions if appropriste, kinds of tools
and other rascurces required, and inherent difficulty of the function.

Repairability Code

Bach ltem was evaluated for its susceptibility to repair and a code number
assigned. This code is introduced into the computer program for deter-
mining the relative merits of spazing or msking redundant. Codes used
were as follows:

1) Item cannot be spared or made redundsnt.

2} Item cannot be repaired or replaced in-orbit.

3) Repsir requires external work in spacesuit.

k) Repair is difficult--poor access or other factor.

5) Repair iz easily accomplished--shirtsleeve environment.

Criticality Cole

Each item also was evaluated for the influence it had on the system
in the event of & fault., Codes used were:

§
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5)
6)
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Safety critical ~ item must operate continuously.

Downtime critical =~ redundancy required.

Downtime critical - repair in maximum downtime or less.

Repair cean be deferred up to T days (except RC=2 or RC~3).

Repair can be deferred indefinitely.

Spares only.

Meximum Allowable Downtime

This was the maximum elapsed time in hours which could be tolerated
between a failure and restoration of the system or equipment to an
operating condition.

First Supplementary Component Number

The entry in this column is a separate computer sowiz number for an
additional switch, valve, indicator, sensing or monitoring device,
or octher part required when the line item is sdded in ss standby
redundant. Weights, volumes, reliabilities, etc., of these units
are mitigating factors to be applied when the line item is added
as standby redundant.

Second Supplementary Component Number

An gdditional entry to be used as above when a second such component
is required. This may or may not be the same as the flrst component.

Percent Operating Time (x 10)

The proportion of a mission during whieh the iine item is anticipated
to be vorking. Maltiplying by ten permits computer rechanization of
items with operating timez as low as 0.1%.

Parallel Lockout

Denies consideration of the line item as a parallel redundant unit.
Applies particularly to components assoclated with EVA, experiments,
structure, ducts, and other items for which it is not practicable to
provide parallel redundancy.

MARCEP COMPUTER ANALYSIS RESULTS

The following pages present a computer pointout of a typical MARCEP anak~
ysis run. The results shown are for a 730 day combined mission to a

0.99 probability of mission success for the space station. Some differ-
ences between the Jata shown here and peragraph 6.0 will be noted. This

i
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is due to late changes in some of the subsystems. The column entries
are oxplained 1n the following paragraphs:

a, Component Number

The component number is the same as shown on the MARCEP date sheets and
explained in the first part of this appendix.

b. Basic Camponent Population

This is the same number ag entered in the "Quantity in Basic System"
column of the data shaets.

c. Parallel Additlons

This indicates the number of components of this type which-were added to
the system in parallel redundsncy to meet the desired rellability objec-
tives. Parallel redundancy is selected by the computer as dictated by

the constraints assigned in the MARCEP data sheets (such as: repair-
ability sand criticality codes, repair times, allowable downtimes).

d. Standby Additions

™is indicates the number of components of this type which were added to
the system in standby redundancy to meet the desired reliabllity objec~
tives. Standby redundancy 1ls selected when coustraints are not severe
enough to dictate a requirement for parallel redundancy. In order for
standby redundancy to be selected, there must be an entry in the first
supplenentary component number column of the MARCEP data sheet.

e. OSpare Additions

This indicates the number of spare components of this type which are re-
gquired to meet the desired system rellability objectives.

f. Added Veight (Pounds)

The total weight of the parallel, standby, and spare components of this
type vwhich were added to the system.

g. Added Cost (Dollars)
This entry not used for this study.
h. Added Volume (Cubic Centimeters)

The total volume of the parallel, standby, and spare components of this
type which were added to the system.

i. Added Repair Time (Hours)

The total repalr time which would be required if all of the spares added
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to the system actually had to be imptalled. It is & product of the
spares added and the "Mean Repair Time" in the MARCEP data sheets.

J. Final Reliability

Tis is the final reliability of this component configuration for the
mission duration on which the computer run was mede, i.e., it is the
probability that the basic component population plus the added parallel
redundancy, standby redundancy, and spares will provide for continuous
savailability of this component function for the complete mission duration.

At the end of esch subsystem listing, the total weight added, total

volume added, total repair time added, amd final relisbvility for the
entire subsystem is peinted. - ..
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